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This month's 
contributors 
include... 


Ben Evans 
Space exlopration expert 
Ben regales 
us with the 
' tale of the 
Saturn V, 
the towering 
rocket that launched the 
Apollo 11, which turns 
50 this month. Page 67 


, Mark’s latest 
of an 


Mark Parrish 
Astronomy craftsman 
hands-on 
project is the 
construction 
equatorial platform that 
lets an altaz Dob track 
with the stars. Page 81 


a Sara gives 
Ss 
image 


Sara Wager 
Amateur astronomer 
us some 
expert 
insight into 
binning — what it is, how 
it works, and why you 
might need it. Page 84 
Emily Winterburn 
Science historian 
Emily reviews 
Comets: 
Nature and 
Culture, a 
book that 
explores the history 
and influence of these 
icy visitors. Page 102 


Sky Te Night 
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TELEVISION 
Find out what The Sky 
at Night team will be 
exploring in this month's 
episode on page 19 


ONLINE 


Visit our website for 
reviews, competitions, 
astrophotos, observing 
guides and our forum 
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Welcome 


We talk often about NASA and ESA, but what of China? 


_ Next year the 
China National Space 
Administration (CNSA), 
\ marks its 25th anniversary. 
Since 1993 it has achieved 
‘ a remarkable amount: 
operating a lander and a 
\ ™ rover on the Moon, 
conducting an asteroid flyby mission, and 
launching two test-bed space stations and 
five manned missions. On page 38, aeronautics 
engineer Ash Dove-Jay looks ahead to CNSA’s 
plans for the next 25 years and the targets it 
has in sight for its four spaceports and 
advanced fleet of rockets, which include Mars. 

Before any lander reaches Mars it must 
undergo intensive testing, but for obvious 
reasons this cannot be carried out on 
location. So where is equipment destined for 
the Red Planet trialled? Rob Banino reveals 
all on page 73, uncovering the locations on 
Earth which bear the most similarities to 
the planets and the Moon. 

The Moon features in the second part of 
our new series Imaging for Science this 
month. On page 43, The Sky at Night’s Pete 
Lawrence looks at how your astrophotos can 
help improve lunar science. Even with 
satellites orbiting the Moon today, there are 
still many opportunities for amateur 
astronomers to get involved. 

I do hope you enjoy the Moon phase 
poster with the magazine this month (only 
available with the print edition). With it on 


FACEBOOK 

All the details of our 
latest issue, plus news 
from the magazine and 


updates to our website —_in our podcast 


eos Sky at Night 
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your wall, throughout 2018 you'll be able to 
tell at a glance which nights will be best for 
deep-sky observing and which are better 
suited to hunting down the brighter planets 
and lunar features you'll find detailed in the 
Sky Guide. 

Enjoy the issue! 


Chris Bramley Editor 
PS Our next issue goes on sale 16 November. 


iPad/iPhone 
Get each month's 
issue on your iPad 
or iPhone, now with 
bonus images 


TWITTER 


Follow @skyatnightmag 
to keep up with the 
latest space stories and 
tell us what you think 
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NASA/JPL-CALTECH/SPACE SCIENCE INSTITUTE 


EYE ON THE SKY SPECIAL 


The Cassini-Huygens mission 
to the Saturn system ended 
on 15 September 2017 at 

11:55 UT, when the Cassini 
orbiter plunged into Saturn's 
atmosphere and lost contact 
with Earth. Here we present 
its final images, captured just 


48 hours before the 20-year 


mission came to an end 
fe) t)°y:fe)\[Uf4) An online gallery of 
CONTENT Cassini’s stunning 
final images 


< Adios, Enceladus 


13 SEPTEMBER 2017 


If Cassini’s imaging team wanted to present a ‘farewell’ image that 
summed up the end of the mission, this would surely be it. In the distance, 
Enceladus disappears behind Saturn’s limb, as the orbiter takes one 
last look at the icy moon before entering the planet's atmosphere. 


Cassin 


a 


Vv Aringed reminder 


13 SEPTEMBER 2017 


This is one of Cassini’s last views of Saturn’s rings, and a reminder of 
just how much we've learned about the planet's iconic features 
throughout the mission, from discovering moons orbiting within gaps in 
the rings, to the daring dives between them and Saturn’s cloud tops. 


A Making waves 


13 SEPTEMBER 2017 


An incredible view of Saturn’s outer A Ring and the Keeler Gap. 

If you look about halfway up from the bottom of the image, you'll 
see the tiny moon Daphnis orbiting within the gap, creating ripples 
in the edges as a result of its gravitational pull. 
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Vv Saturn's shadows 


13 SEPTEMBER 2017 


Bright bands of clouds disappear into the shadows in this image, which 
has also managed to capture the hexagonal storm at Saturn’s north 
pole. We can clearly see the planet's rings emerging just beyond the 
limb on the left edge of the picture. 


A Last glimpse of Titan 


13 SEPTEMBER 2017 


In 2005, the ESA Huygens probe separated from Cassini to land on 
Saturn's moon Titan; the most distant body a spacecraft from Earth 
has ever set down on. Cassini revealed that almost two per cent of 
Titan is covered in liquid, in the form of hydrocarbon lakes and seas. 
This was the orbiter’s last look at the moon. 


—_ Ee =| Point of no return 


14 SEPTEMBER 2017 


This is the last image Cassini ever took, at 19:59 UT, and shows 
the point where the orbiter would enter Saturn’s atmosphere hours 
later. The view is of the planet's night side, which is lit by sunlight 
reflecting off Saturn’s rings. 


A Propeller perspective 


13 SEPTEMBER 2017 


If you look closely just above and fo the left of the dark gap in this 
image of Saturn’s A Ring, you'll see a feature known as a ‘propeller’. 
This is just one of many such features in Saturn’s rings, created by 
the presence of small embedded moonlets. 
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Before Cassini's final plunge, it began the Grand Finale. Using a flyby of the moon Titan on 
22 April to reshape the orbiter’s trajectory, NASA scientists set Cassini on the last leg of its 
journey, which included 22 passes through the gap between Saturn and its rings. Below are 
some of the best images captured by Cassini during those final months 


Y marks the spot > 


1 AUGUST 2017 


Winding cracks on the surface of Enceladus 
show how geologically active the moon is. 
These are ‘Y-shaped discontinuities’, thought 
to be the result of moving material 
compressing ice on the surface. A lack of 
impact craters suggests these features were 
created relatively recently. 
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< Shine on, 
Tethys 


13 MAY 2017 


The main focus of 
this image is the 
incredible rings 
around Saturn, but 
look above them 
and you can see the 
icy moon Tethys. 

The moon’s night 
side is illuminated 
by a phenomenon 
known as 
‘Saturnshine’, caused 
by sunlight reflecting 
off the planet. 


< Saturn's true stripes 


18 MAY 2017 


The varying properties of Saturn’s cloud 
bands create a stripy effect, with wavy edges 
where bands travelling at different speeds 
collide with one another. Along the limb at 
the top of the image is a blue haze, created 
in the planet’s upper atmosphere. 


A A daring dive 


26 APRIL 2017 


These unprocessed images of features in 
Saturn’s atmosphere were taken during 
Cassini's first ring dive, and gave scientists 
back on Earth the closest views of Saturn 
that had ever been achieved. 
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< Cassini captures clouds 
7 MAY 2017 


Saturn’s moon Titan is almost like a planet: it is the only one in our 
Solar System with a dense atmosphere, and has a cycle much like the 
water cycle on Earth. In Titan’s case, methane rain falls and flows into 
large lakes and seas. Cassini captured this image of bright methane 
clouds floating across the moon’s atmosphere. 


> Rippling resonance 


4 JUNE 2017 


This wavy structure is created by the orbit of Saturn’s moon Janus, and 
is appropriately called the ‘Janus 2:1 spiral density wave’. Here, ring 
particles orbit Saturn twice every time the moon orbits once, creating 
an orbital resonance that emanates outward. 


< Hazy horizon 


16 JULY 2017 


Just above Saturn's horizon is a thin haze; the planet's stratosphere. Also visible in the upper 
left are the planet's rings, stretching out over Saturn’s sunlit horizon. 


Saturn's swirls > 


31 AUGUST 2017 


The terminator — the point dividing night and 
day - can be seen to the bottom left of this 
image, which shows cloud bands in the 
northern hemisphere of Saturn. The level of 
detail makes this appear almost like an image 
of Earth, and shows just how close Cassini 
has brought us to this incredible planet. 
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BULLETIN NOVEMBER 11 


Bulletin 


The latest astronomy and space 
news written by Elizabeth Pearson 


Hubble finds a planet 
BOILED BLACK 


WASP-12b is so dark that it reflects almost no light 


14 CHRIS LINTOTT 
16 LEWIS DARTNELL 


Our experts examine the hottest 
new astronomy research papers 


NASA/ESA AND G. BACON (STSCI) 


An exoplanet in Auriga discovered in 2008 
has now been found to be pitch black. 
Recent observations of the alien world, 
designated WASP-12b, made by the Hubble 
Space Telescope showed that it has a very 
low reflectivity, or albedo. 

“The measured albedo of WASP-12b is 
0.064 at most. This is an extremely low value, 
making the planet darker than fresh asphalt,” 
says Taylor Bell, from McGill University and 
lead author on the study. The Moon, for 
comparison, has an albedo of 0.12. 

WASP-12b is twice the size of Jupiter, but is so 
close to its star it only takes one Earth day to 
complete an orbit. This close proximity means 
that daytime temperatures can reach 2,600°C. 

“There are other hot Jupiters that have been 
found to be remarkably black, but they are much 


WASP-12b is an inhospitable 
place not only because of its 
searing temperature — it’s also 
being destroyed by its star 


cooler than WASP-12b. For those planets, it is 
suggested that things like clouds and alkali metals 
are the reason for the absorption of light, but 
those don’t work for WASP-12b because it is so 
incredibly hot,” says Bell. Instead it’s thought 
that the planet’s blackness is a result of the intense 
heat causing hydrogen molecules in the atmosphere 
to break apart and form atomic hydrogen. 
WASP-12b is only the second exoplanet 
to have its albedo measured. The first, HD 
189733b, was found to be a deep blue colour. 
“The fact that the first two exoplanets with 
measured spectral albedo exhibit significant 
differences demonstrates the importance of 
these types of spectral observations and 
highlights the great diversity among hot 
Jupiters,” says Bell. 
> See Comment, right 


COMMENT 
by Chris Lintott 


WASP-12b is a weird 
planet. It’s been in the 
news before, when 
researchers at the Open 
University found that 

its parent star was 
consuming it. It is hard 
to imagine a less 
Earth-like and less 
hospitable place. 

When much of the 
talk around exoplanet 
searches is about the hunt 
for habitable worlds, 
places where life like ours 
can exist, that sounds like 
a bad thing. But | think 
we should celebrate 
WASP-12b, before it 
evaporates completely. 

Extreme worlds like 
this one help us test our 
understanding of how 
planets form and evolve. 
Given the extreme 
temperature, WASP-12b 
should help us test the 
physics and chemistry 
we use to describe how 
materials behave in 
such circumstances. 
Working out what's 
going on here will be 
much more of a 
challenge than on a 
score of more temperate 
worlds, and that’s 
where the fun is. 


CHRIS LINTOTT co- 
presents The Sky at Night 
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NEWS IN 
BRIEF 


SILVER FUTURE 
FOR MIRRORS 


A new method of 
coating professional 
telescope mirrors could 
increase their light- 
gathering power by 
replacing the aluminium 
coating with the most 
reflective metal, silver. 
Silver usually requires a 
protective coating to 
prevent tarnishing, but 
this often introduces 
aberrations. However, 
by using atomic layer 
deposition, a technique 
common in the electronics 
industry for laying down 
one molecule layer at a 
time, engineers found it 
was possible to apply a 
coating without any 
adverse effects. 


TRIPLE WAVE 
DETECTION 


MADE 


On 14 August, a single 
gravitational wave 

was picked up by three 
observatories for the 
first time. The wave is 
believed to have been 
caused by the merging 
to two stellar-mass black 
holes. By using the 
millisecond delay 
between detections at 
the three facilities, 
located in the US and 
Italy, astronomers were 
able to localise the 
event's origin to 

60 square degrees of 
sky. No associated 
electromagnetic signals 
were seen, as expected 
for an event this small. 


Origins of 
high-energy » 


The most energetic cosmic rays 
appear to come from an area 
of sky dominated by galaxies 


cosmic rays 


tracked down 


No one is sure what event could create such energetic particles 


Astronomers have finally settled a 50 year 
debate ovet the orgins of the most energetic 
cosmic rays — it seems they come from outside 
of our Galaxy. The latest observations of the 
particles show that many are coming from an 
area of sky that is thick with galaxies. 

Cosmic rays are the nuclei of elements from 
hydrogen to iron, accelerated to nearly the speed 
of light. Most originate from within the Milky 
Way, but some have enough energy to traverse 
the distance between galaxies. 

Such intergalactic cosmic rays are extremely 
rare — if you were observing over the area of a 
football field, it is likely you would have to wait 
a century to see just one example. 

Thankfully, the particle’s interaction with the 
Earth’s atmosphere makes them slightly easier 
to see. The intense energy of the rays breaks 
apart the molecules in Earth’s air when they 
strike them. These fragments then strike other 
particles in the atmosphere, which break apart 
and so on, creating a shower of more than 10 
billion particles several km in diameter. 

To detect these showers, astronomers have 
built observatories with huge tanks of very pure 
water. When the particles pass through the 
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water, they cause flashes of light called 
Cherenkov radiation that can be picked up by 
cameras around the edge of the tank. 

The Pierre Auger Observatory in the Province 
of Mendoza in Argentina is the largest of these, 
made of 1,600 detectors spanning an area of 
3,000 square km. As there are multiple detectors, 
astronomers can look at the differences in a 
cosmic ray’s arrival time at each to work out 
what direction a shower came from. 

By observing over 30,000 cosmic rays, the 
researchers were able to detect an anisotropy 
—in other words, that there were slightly more 
particles arriving from one direction than from 
any other. And this anisotropy was in the direction 
of an area of sky which is dense with galaxies. 

Pinpointing the origin of the particles more 
preceisely is difficult as the particles are 
deflected by our Earth’s magnetic field, however. 
The researchers hope to study particles with 
even higher energies, which are expected to be 
deflected less, with the aim of achieving a more 
precise location for these extragalactic sources. 
Once found, this could help determine what 
caused these hugely energetic particles. 
www.auger.org 
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Star birth bloats galaxies 


Disc galaxies could transform into ellipticals via rapid star formation 


Stars within a galaxy may cause 
it to grow and swell in size, 
according to the latest 
observations from 
the Hubble Space 
Telescope, ESO's 
Very Large 
Telescope 
and ALMA. 
The giant 
elliptical galaxies 
we see in today’s 
Universe were 
thought to have 
grown from smaller 
galaxies merging 
together, yet these new 
observations suggest they 
could have grown on their own. 
The study looked at galaxies 
11 billion lightyears away, 
observing them as they were in 


a If stars were to form in a central 
reservoir, they could cause the galaxy 
itself to ‘puff up’ like rising bread 


their era of peak growth. The 
galaxies were in the process 
of changing from disc-like 
to elliptical in shape, 
despite there being 
no evidence of 
them having 
interacted with 
any other galaxies 
in the past. 
Instead it’s 
thought that the 
change is caused 
by the massive 
reservoirs of gas 
and dust observed 
in the galactic cores. 
These are the raw materials 
of stars, implying they are 
rapidly forming within the 
galactic centres. 
www.eso.org 


Rare comet-asteroid hybrid found 


A new hybrid body that’s half comet and half 
asteroid has been found in the asteroid belt. 

Recently released Hubble Space Telescope 
images of asteroid 288P show that it is actually 
two space rocks of roughly equal size orbiting 
100km from each other. And as 228P passed 
through its closest approach to the Sun in 
September 2016, the ice on the object melted, 
creating a comet-like coma and tail. 

It is now classed as a main belt comet. Such 
objects are vital to help us understand the role that 
asteroids may have played in transporting water in 


the early Solar System, but are difficult to study due 
to their rarity and short life spans. 

“Surface ice cannot survive in the asteroid belt 
for the age of the Solar System but can be protected 
for billions of years by a refractory dust mantle a 
few metres thick,” says Jessica Agarwal from the 
Max Planck Institute for Solar System Research, 
who led the team. It’s thought 288P was formed 
around 5,000 years ago, when a larger asteroid 
spun so fast it tore itself apart. This created two 
fragments and exposed the underlying ice. 
www.spacetelescope.org 


288P is a binary asteroid that 
behaves like a comet, having 
both a coma and a tail; it’s 
orbit is marked in blue 


NEWS IN 
BRIEF 


PULSARS 
REVEAL STAR 


CLUSTER 


A globular cluster has 
been mapped as being 
illuminated from within 
by pulsars. Terzan 5 
contains more than 50 
pulsars that regularly 
emit radio signals 
through the clouds of 
dust that obscure 
observations in other 
wavelengths. By observing 
these radio waves, 
astronomers were able 
to plot out the density 
of the cluster. It is hoped 
such observations will 
help us determine if 
Terzan 5 started life as 
part of the Milky Way, 
or is the remnant of a 
separate dwarf galaxy. 


CHIME SCOPE 
COMPLETED 


A new telescope that 
will map the largest 
volume of space ever 
surveyed was finished 
on 7 September. 
Observations by the 
Canadian Hydrogen 
Intensity Mapping 
Experiment (CHIME) will 
help answer questions 
about the history of the 
Universe, distant stars 
and gravitational waves. 
The scope will produce 
huge amounts of data, 
requiring supercomputers 
to process. “All that 
computing power lets 
us do things that were 
previously impossible,” 
says Keith Vanderlinde of 
the University of Toronto. 
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Our experts examine the 
hottest new research 


Charting troubled 
galactic waters 


The origins of the never-seen stars on the outskirts of our 
Galaxy are causing problems for galactic researchers 


Are the stars of TriAnd on the 
edge of our Galaxy from a 


single disrupted dwarf, or relic 


he edge of the galactic disc is a 
complicated place, with the Milky Way’s 
own stars mixed with the remnants of 
myriad tiny satellites, ripped apart and 
consumed by our Galaxy’s gravity. A new paper 

by an international team uses data from the Sloan 
Digital Sky Survey to take a look at what might 

be just such a remnant, a structure known as 
Triangulum-Andromeda after the part of the 

sky in which it’s located. 

It isn’t easy to find, and no pictures of the 
structure exist — in fact, its estimated surface 
brightness of 32 magnitudes per square arcsecond 
is so low that it would be very difficult to see 
against the background sky. Instead, it was found 
by researchers who, in 2007, noticed that more 
M-type giant stars existed in this area of the sky 
than expected. A small structure, consistent with 
being a tiny, previously independent galaxy 
weighing only 1.5 million solar masses — a factor 
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of several long torn asunder? 


rt 


CHRIS LINTOTT is an 
astrophysicist and 
co-presenter of The Sky 
at Night on BBC TV. 

He is also the director 

of the Zooniverse project. 


of a thousand less than the Milky Way itself — is the 
obvious explanation. 

After discovery TriAnd (as it’s known) was more 
or less ignored until a couple of years ago, when 
papers based on data from the Canada-France- 
Hawaii Telescope on Mauna Kea appeared arguing 
that the ‘discovery’ had been an illusion. Rather 
than a single population of stars, this new data 
seemed to show a whole series of small clumps; 
maybe TriAnd isn’t an interloper, but reflects 
structures in our own Galaxy. 

It’s this argument that the researchers in this 
month’s paper address with Sloan data. This 
compares the properties of stars observed by the 
survey to simulations of what would be expected 
if only a smooth galactic disc existed. This allows 
the most careful detection of TriAnd yet — and 
the results are baffling. 

On one hand, the new maps the team made 
of TriAnd show that the structure is extended 
on either side of the disc; you can imagine it as 


a stream of stars, just what would be expected 
if it is a disrupted dwarf galaxy. It is less dense 
as you get further from the disc, which is also 
what you'd expect if it is the remains of an 
expiring dwarf galaxy. 

On the other hand, when the properties of 
its component stars are examined then a wide 
diversity of different populations are identified. 
To explain this, it seems that TriAnd might have 
to be the fossil of many separate, even tinier, 
dwarf galaxies or — more likely if you ask me 
—just a set of Milky Way stars but in a region more 
structurally complex that we, at first, anticipated. 

To solve the mystery, the team suggests searching 
for similar patterns elsewhere; if it does reflect a 
pattern which belongs to our disc, it should extend 
into the southern sky. As ever there’s more work to 
do, but TriAnd is also a reminder that things get 
complicated when we can study them in detail; a 
suitable warning to those like me who spend their 
lives looking at galaxies beyond our own. 


CHRIS LINTOTT was reading... Cartography of 
Triangulum-Andromeda using SDSS stars 

by H D Perottoni et al 

Read it online at https://arxiv.org/abs/1709.02019 
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Dark energy theory under threat 


A supernova rethink could lead to a new understanding of the cosmos 


This is one way" we think 
light sources might be 
distribifed i in a cosmic web, 
a feature unaccounted 

for in the LCDM model 


A new analysis of supernovae could lead researchers 
to overturn the theory of dark energy. 

The current theory, called the lambda cold- 
dark matter (LCDM) model, uses dark energy 
as a placeholder for currently unknown physics. 

It was introduced after Type Ia supernovae 
observations suggested the expansion of the 
Universe was accelerating. 

However, when astronomers re-evaluated the 
supernovae measurements they found they could 
be explained by including the fact that the Universe 
has complex large-scale structure, rather than 
being smooth as LCDM assumes. 

Initial evaluation suggests the new theory 
may be a better fit than LCDM, but it will take 
more observations to definitively determine 
between the two. 
http://sci.esa.int/euclid 


First global water map of lunar os 


The first ever map of water on the Moon has been 
created using data taken by NASA’s Moon 
Minerology Mapper, an instrument on board 
India’s Chandrayaan-1 spacecraft. 

“The signature of water is present nearly 
everywhere on the lunar surface, not limited to the 
polar regions as previously reported,” says Shuai Li 
from the University of Hawaii and lead author of 
the study. “The amount of water increased towards 
the poles and does not show significant difference 
among distinct compositional terrains.” 

The amount of water is at most 750 parts per 
million. Though this is still drier than Earth’s hottest 
deserts, the water could be extracted and used by 
astronauts, or broken down into air and rocket fuel. 
www.isro.gov.in 


4 Water content in the Mare Ingenii; greyscale areas 
have the least water, then purple, green, blue and yellow 


LOOKING BACK THE SKY AT NIGHT 


November 1962 


On 19 November 1962, The Sky 
at Night looked at a spacecraft 
that would fly to Jupiter a decade 
later — Pioneer 10. 

The spacecraft was a precursor 
to the more ambitious Voyager 
missions, to determine if a 
journey to the outer Solar System 
was possible. It launched on 2 
March 1972 and became the first 
spacecraft to enter the asteroid 


micrometeoroids in the region would 
break Pioneer 10 apart. It encountered 
nothing larger than Imm in size and 


made it through the region unscathed. 


Pioneer 10 reached Jupiter on 
3 December 1973. It took the first 
close-up images of the planet and 
investigated the intense radiation 
environment. Though the radiation 
destroyed several of the probe's 
instruments, the data it returned 


belt in July the same year. Though 


allowed engineers to design the 


NEWS IN 
BRIEF 


CURIOSITY 
BEGINS ASCENT 


NASA's Curiosity rover 
has begun to climb the 
25m-high Vera Rubin 
Ridge. Geologists have 
already used the rover 
to study the surrounding 
rock layers, using the 
presence of minerals such 
as haematite, an iron- 
oxide that forms in wet 
environments, to track 
the history of water on 
the Red Planet. 

“This haematite ridge 
has been a go-to target 
for Curiosity ever since 
Gale Crater was 
selected as the landing 
site,” says Michael 
Meyer, lead scientist 
of NASA's Mars 


Exploration Program. 


AN INFERO 
OF TITANIUM 


The skies of the distant 
exoplanet WASP-19b 
are an inferno of titanium 
oxide, according to 
new observations by 
ESO's Very Large 
Telescope. The chemical 
causes ‘atmospheric 
inversion’, where the 
upper layers of the 
atmosphere absorb 
more heat, making 
them warmer than 
lower layers, affecting 
the climate globally. 
WASP-19b is a hot 
Jupiter in close orbit to 
its star. Temperatures 


reach over 2,000°C, 


flight controllers could easily avoid 
asteroids, there were concerns that 


hot enough to maintain 
titanium oxide in the 
atmosphere. 


a Pioneer 10 was the first mission 
to visit mighty gas giant Jupiter 


Voyagers and Galileo to withstand 
the deadly environment. 


ANDREW PONTZEN AND FABIO GOVERNATO/WIKIMEDIA COMMONS, NASA/JPL- 


CALTECH/MSSS, ESO/M. KORNMESSER, NASA 
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Our experts examine the 
hottest new research 


Our fortunate Earth 


Our world would be a much more chaotic place 


ne of the central questions in planetary 
science, and the possibility of life 


our own planet is. Is Earth in some way 
in a special situation, offering unusually clement 
conditions for the emergence of life, or are there 
potentially multitudes of planets in our Galaxy that 
could be alive? This question is becoming more and 
more important in light of the fact that we continue 
to discover extoplanets. What features would these 
far-flung worlds need to offer the best hope for 
harbouring extraterrestral life, and therefore 
which candidates should we shortlist for our 
follow-up telescopic observations of their 
atmospheres to look for signs of biology? 

In particular, it’s been argued that Earth 
may have offered an especially stable climate over 
the billions of years of its existence. Earth’s 
climate has varied over planetary history — from 
the hot and humid times of the early Triassic 
period 250 million years ago, to the ‘Snowball 
Earth’ episodes when much of the world is thought 
to have frozen over. But overall, the terrestrial 
climate has remained remarkably stable. 

Some of the main drivers for a fluctuating 
climate, seen over the past few million years of 
the world swinging between ice ages and warmer 
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if Jupiter's orbit was only slightly different 


elsewhere in the cosmos, is how ordinary 


4 Earth is prone to the 
gravitational influence 
of other planets — if their 
orbits were to change, 
ours would too 


LEWIS DARTNELL is an 
astrobiology researcher 
at the University of 
Westminster and the 
author of The Knowledge: 
How to Rebuild our World 
from Scratch (www.the- 
knowledge.org) 


interglacial respites, are the Milankovitch cycles. 
These are cosmic cycles in the eccentricity of 
Earth’s orbit (how circular or egg-shaped it is), 
the planet’s obliquity (how much its axis tilts), 
and the timing of the seasons — all affected by the 
gravitational influences of the other planets in 
the Solar System. The orbital eccentricity of 
Mercury, for example, varies far more than that 
of Earth. So the key question is, if the architecture 
of the Solar System was slightly different, how 
would this affect our world’s orbit? 

Jonathan Horner, at the University of Southern 
Queensland, and his colleagues have explored just 
this. They used a computer model of the Solar 
System to track how Earth’s orbital oscillations 
changed as they tweaked the orbits of Jupiter, 
Venus or Mars in the Solar System, trying almost 
40,000 different situations for each planet. 

The most obvious result of their simulations, 
although not entirely unexpected, is that if 
Jupiter was slightly closer to the Sun it would 
completely disrupt Earth’s stable orbit. Similarly, 


moving Venus further out than about 0.92 AU 
spells disaster. Interestingly, though, they did 
find that Venus and Earth could be stable even 
with both orbiting at 1 AU if they were located 
ina 1:1 orbital resonance — just like the Trojan 
asteroids in a locked orbit with Jupiter. This 

is one possibility for habitable worlds in 
exoplanetary systems with warm-Jupiters. 

The most important results, however, are the 
ones looking at more subtle shifts to Earth’s 
Milankovitch cycles and how these might affect 
the planet’s climate. The team intend to apply 
their modelling approach to Earth-like exoplanets, 
as and when they are discovered. Any worlds 
likely to experience more pronounced climate 
variability could have a lower chance of 
maintaining life, and Horner says that these can 
be ruled out and our attentions instead focused 
on the more promising worlds. 


LEWIS DARTNELL was reading... The influence of Jupiter, 
Mars and Venus on Earth’s orbital evolution 
by Jonathan Horner, James B Gilmore, Dave Waltham 


Read it online at https://arxiv.org/abs/1708.03448 


PHAIDON D 


“i I G—Y—-F-A IN (Py 


This groundbreaking book explores the 
beauty and mystery of the cosmos over 
thousands of years. 


It features 300 inspiring images over 350 
pages, chosen by an international panel of 
experts lead by UK astronomer Paul Murdin. 


Images range from ancient cave paintings arial 
and medieval manuscripts to modern day 
depictions of space exploration. 


© Singing Suns, 2016, Shahzia Sikander, animation, dimensions variable. Picture credit: courtesy Shahzia Sikander 


For stunning views 
in seconds. 


The Infinity breaks the barrier between visual observing and 
astrophotography. It combines the experience of observing at the eyepiece 


with a level of depth and detail that would traditionally be the result of several hours 


processing. This takes a camera that’s sensitive enough to capture faint details on distant objects, and fast 


enough to do it in real time. It then takes our powerful, intuitive software to bring stunning views of the night sky 


to a screen in just seconds. 


T is recreates t e feel of observing in 
t efieldt roug avery large 
telescope, only using muc more 
modest equipment. You stay 
connected tot e nig t sky, watc ing 
satellites drift across your field of 
view, w_ ile viewing objects previously 
out of reac toall butt e most 
powerful eyepieces andt e largest 
apertures. 


See t e faint connecting filaments in 
MS1 w ile planning your next move 
in your star atlas. See bok globules in 
t e Pelican Nebula as you dodget e 
clouds. Dive deep into t e NGCs of 
Andromeda - and do it all in colour. 


Alt oug our eyes aren’t sensitive 
enoug toseet e universe in colour, 
t e Infinity is. Faint grey fuzzies 
become detailed areas of colourful 
nebulosity, allowing you to go beyond 
t e limits of our vision. 


But our own vision isn’t our only 
limitation. Lig t pollution is a growing 
problem for all of us, wit backyard 
observing becoming increasingly 
difficult in many places. T e Infinity 


Atik Cameras are available from most major astronomy retailers. 


elps you cutt roug t e pollution to 
bring observing back to our urban 
areas. 


Italso elps yous aret e 

breat -takingt ings we see and 
discover as astronomers. By cutting 

t equeue tot eeyepiece,t e 
Infinity allows everyone to explore 

t enig tsky not just toget er, but at 
t esame time. You can discuss 
details and anomalies as you see 

t em, and removet e need for 
special skills in averted vision. 


T is makes it t e perfect tool for 
public outreac , as well as observing 
wit family and friends. Butt e 
Infinity doesn’t just provide you wit 
incredible live views. It also allows 
you to save single images and even 
w ole sessions tos are later. You can 
even broadcast your session live 
online to a global audience, rig t 
from inside our software. 


But surely somet ingt is advanced 
involves additional specialist 
equipment and complex software? 
T at’st e best bit. T e Infinity is 


For a full list of stockists, visit us online. 


designed to work from a focal lengt 
of around 300mm rig tt roug to 
1500mm. It works wit alt/az 
fork-mounted telescopes as well as 
equatorial mounts. As long as you can 
track a star for a few seconds, it will 
work wit an Infinity, wit out t e 
need for complicated guiding systems. 


T ecamera itself uses t e latest in 
CCD tec nology to provide incredible 
sensitivity at very low noise, and it’s 
all controlled t roug our custom built 
software. You want to spend your time 
exploring t e universe, not learning 
our program, so we’ve kept it as 
simple and intuitive as possible w ile 
still giving you t e power and control 
you need to delve deep intot enig t 
sky. 


Want to know more? 


www.atik-cameras.com 
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What's on 


Our pick of the best events from around the UK 


All the winning images are on 
show in a gallery space.at 
the Royal Observatory 


Insight Astronomy Photographer 
of the Year 2017 Exhibition MONTE 


Royal Observatory Greenwich, until 22 July 2018 


astrophotos depicting our Sun, the 
Moon and the Solar System, as well 
as aurorae, skyscapes, distant 
galaxies and nebulae. 

It is open every day from 10am 
to 5pm except 24-26 December, 
so be sure to pay a visit to the 
observatory over the coming months 
and see the work of some of the 
best astrophotographers capturing 
the cosmos today. And if you find 
yourself inspired and would like to 


For the best part of a decade, the 
Insight Astronomy Photographer of 
the Year competition has celebrated 
stunning astrophotography from around 
the world, and continues to grow. Now 
in its ninth year, the 2017 competition 
received over 3,800 entries from over 
90 countries, and the winners were 
announced at a ceremony at the 
Royal Observatory Greenwich 
on 14 September. 

The best of this year’s images are now 


available to view in a free exhibition at 
the Royal Observatory Greenwich’s 
Astronomy Centre until July 2018. The 
exhibition is free to enter and open to 
the public, and contains incredible 


BEHIND THE SCENES 


enter next year’s competition, visit 
the Royal Observatory website 

for information. 
www.rmg.co.uk/royal-observatory/ 
insight-astronomy-photographer-year 


THE SKY AT NIGHT INNOVEMBER 
EEG Four, 12 November, 10pm (first repeat EENS Four, 16 November, 7.30pm)* 


Gamma-ray bursts last a few minutes at 
most, and never reappear in the same spot for subsequent repeat times 


A FLASH IN THE SKY 

The team investigates a range of 
space phenomena that occur over 
short time periods, from solar 
filaments to gamma-ray bursts. 
Maggie and Chris find out about 
the astronomers and telescopes 
capturing these fleeting events, and 
how they might change our 
understanding of the Universe. 


*Check www.bbc.co.uk/skyatnight 
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The Intimate Universe 
University of Bath, 23 November 2017, 7.30pm 


Our everyday surroundings 
are full of connections to the 
wider Universe. Dr Marek 
Kukula, Public Astronomer 
at the Royal Observatory 
Greenwich, reveals how 
astronomy has left its mark 
on our lives, from high art 

~ to popular culture, to the 
smartphone in your pocket. 
The lecture is free. Visit the 
William Herschel Society 
website for more 
information. 
www.williamherschel.org.uk 


Monica Grady: An Evening 
With a Space Scientist 


Otley Courthouse, Otley, 11 November, 7.30pm 


Leading British 
planetary scientist 
and meteorite 
specialist Prof 
Monica Grady 
hosts an evening 
discussing her life 
and work for Otley 

: Science Festival. The 
talk will include a discussion of her work on meteorites 
and the Rosetta mission, followed by a Q&A. Tickets 
are £8. Visit the festival website for the full programme. 
https://otleysciencefestival.co.uk 


Leonid Meteor Shower Night 


Scottish Dark Sky Observatory, Dalmellington, 
East Ayrshire, 17 November, 10pm 


The Leonid meteor shower 
peaks this year on 17/18 
November during a new 
Moon, meaning if the 
weather holds out it could be 
a perfect night for meteor 
spotting. Join the Scottish 
Dark Sky Observatory for an 
evening of observing under 
dark skies, with the added 
opportunity to observe 
deep-sky objects through their telescopes. Tickets are 
£15 and £10 for concessions. 
https://scottishdarkskyobservatory.co.uk 


Visit our website at www. What's on 
skyatnightmagazine.com/ 

whats-on for the full list of 

this month’s events from 


around the country. 


To ensure that your talks, 
observing evenings and star 
parties are included, please 
submit your event by filling 
in the submission form at 
the bottom of the page. 
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-ASI COOLED DEEP SKY CAMERAS 


Available.formats 4/3", APS-C and FULL-FRAME 


Sensor: MN34230 CMOS 
Resolution: 16mp, 4656x3520px 
Pixel Size: 3.8m 

Sensor size: 17.69 x 13.38mm 
Max. capture speed: 23fps 
Read Noise: 1.2e @30db gain 
QE peak: TBD 

Full well: 20000e 

ADC: 12bit 


ASI1600 


Sensor: IMX071 CMOS 
Resolution: 16mp, 4944X3284px 
Pixel Size: 4.78um 

Sensor size: 23.6 x 15.6mm 
Max. capture speed: 10fps 

Read Noise: 2.3e @24db gain 
QE peak: TBD 

Full well: 46000e 

ADC: 14bit 


Sensor: IMX094 CMOS 
Resolution: 36mp, 7372X4924px 
Pixel Size: 4.88um 

Sensor size: 36 x 24mm 

Max. capture speed: 4.75fps 
Read Noise: 1.7e @24db gain 
QE peak: TBD 

Full well: 52000e 

ADC: 14bit 


e Linux, — 
&| oinux ipLaNn>Ro15 


ZWO cameras and accessories are 
available from 365Astronomy and AS11600,ASI071 and ASI094 advantages 
their dealer network in the UK,NI&lireland. 


t:+44 2033 845 187 = && & (8) 


e:sales@365astronomy.com deep cooling fast speed low noise PC & Android control 
w:365astronomy.com/ZWO ptical 


PTSCIENTISTS/ALDI 


n April this year 
we celebrated 

60 years of 

The Sky at Night 
and on 4 October we 
celebrated 60 years of the 
Space Age, for it was on 
this date in 1957 that the 
space probe Sputnik made 
the first orbit of Earth. 

I often marvel that 
space science is 
simultaneously one 
of the youngest and 
oldest branches of 
science. One of the 
earliest astronomical 
tools found to date 
was discovered in the 
Democratic Republic of 
the Congo. It is the 
Ishango bone, thought to 
be a lunar calendar 
around 20,000 years old. Satellite science, 
one of the youngest disciplines, is barely 
older than Sputnik itself. 

Since we started looking up at the stars 
we have become more involved, first 
making tools, then telescopes, and then 


sending probes out into space to have a 
closer look. In the dawn of the space era, 
humans walked on bodies other than our 
home planet: we made our first Moon 
landing in 1969, just 12 years after 
Sputnik. So why have we not done more? 
The answer to this lies in the 
tremendous costs associated with getting 
people into space. During the Space Race it 
made a certain amount of sense to spend 


A PASSION FOR SPACE NOVEMBER 21 


A PASSION FOR 


with Maggie Aderin-Pocock 
The Sky at Night presenter looks at the past 60 years 
of the Space Age - and where the next 60 will lead us 


PTscientists is developing a 
Moon rover in conjunction with 
Audi - the Audi Lunar Quattro 


the levels of money needed, but in an era 
of collaboration and austerity it is hard for 
a single government or even a collaboration 
of governments to look beyond the 
International Space Station. 


The next 60 years 

But I think that the next 60 years of 
space will be dominated by a new kid 
on the block — private enterprise. In 
the UK the space industry is generating 
a total income in excess of £13 billion 
and employs just under 40,000 people. 
It’s a sector mainly dominated by 
telecommunications, but some are 
breaking the mould and moving into 


sectors that in the past 
were the sole domain of 
governments. 

Space X is one of the 
best known, but there 
are many others. 

With The Sky at 
Night, I recently visited 
a small company 
building a lunar landing 
craft and rover. Their 
intention is to get the 
vehicle to the Moon 
before the close of the 
decade and they see the 
commercialisation of 
space travel as the future. 
Initially called Part-Time 
Scientists — they’ve since 
shortened their name to 
PTScientists as the 
company has grown 
— they are 35 strong and 
believe that groups of keen individuals can 
take on these challenging missions. 

So what will the next 60 years of the 
Space Age bring? It is of course hard to 
predict, but we will be travelling farther 
than ever before: think ion thrusters 
for fast travel through the Solar System 
and interstellar voyages in just 20 years 
with Project Starshot. As space is 
commercialised further, it may even mean 
space hotels and a Moon base, getting 
more of us as individuals farther out 
than ever before. @ 


Maggie Aderin-Pocock co-presents The 
Sky at Night and CBeebies Stargazing 


skyatnightmagazine.com 2017 


THE 


® GREAT 
CourRSESs’ 


~ 
—WF 


Professor David Brody 
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Uncover Your Hidden 
Talent for Drawing 


Like reading and writing, drawing is a fundamental life skill. Once an 
integral part of a traditional education, knowledge of drawing deepens 
your understanding of the visual world that surrounds you. Contrary to 
what many people think, the ability to draw does not depend on innate 
talent or a unique gift. In fact, you may be amazed at how well you can 
learn to draw, especially with the right instructor. 


The 36 video lessons of How to Draw offer you dynamic and 
comprehensive training in the art of drawing. Your teacher, David Brody, 
brings more than forty years of study, studio work, and dedicated teaching 
to this course, demonstrating an inspiring teaching style and limitless 
insight into the learning process. This brilliantly designed course takes 
you step by step through all of the key elements that together build the 
integrated skill of drawing. This is your opportunity to master the primary 
skill of visual art, an ability with rewards you will treasure for a lifetime. 


THEGREATCOURSES.CO.UK/4SAN 
0800 298 9796 


How to Draw 


Taught by Professor David Brody 
UNIVERSITY OF WASHINGTON 


LECTURE TITLES 


An Introduction to Drawing 
Drawing Materials for Line 
Drawing Fundamentals and First Exercises 


Line and Shape: Line and Aggregate Shape 


Line and Shape: Positive and Negative Shape 
Composition: The Format and Its Armature 


Composition: How Artists Compose 


1 
2 
3 
4 
5. Line and Shape: Volume and Figure-Ground 
6 
7. 
8 
9 


Line and Shape: Line Attributes and Gesture 
Composition: Shape and Advanced Strategies 
Proportion: Alberti’s Velo 
Proportion: Accurate Proportion and Measure 
Creating Volume and Illusionistic Space 
Six Complex Drawing Projects 
Linear Perspective: Introduction 
Linear Perspective: The Quad 
Linear Perspective: The Gridded Room 
Linear Perspective: Ellipses and Pattern 
Linear Perspective: Advanced Topics 

. Value: How Artists Use Value 
Value: Drawing Materials for Value 

. Value: Black and White and a Value Scale 

. Value: Eight Complex Drawing Projects 

. Value: Side Light and Cast Shadow 

. Value: Oblique Light and Cast Shadow 

. Texture: Mark Making and Optical Value 

. Texture: How Artists Use Texture 

. Colour: Colour Theory and Colour and Light 

. Colour: How Artists Use Colour 

. Colour: Colour Drawing Projects 
The Figure: A Canon of Proportions 

. The Figure: The Head, Hands, and Feet 

. The Figure: Artistic Anatomy 

. The Figure: Drawing Projects 

. Advanced Concepts: Pictorial Space 


. Advanced Drawing Projects 


How to Draw 
Course no. 7770 | 36 lectures (30 minutes/lecture) 


DVD £70:39 NOW £34.99 
Video Download £84999 NOW £34.99 


+£2.99 Postage and Packing (DVD only) 


Priority Code: 152299 


For over 25 years, The Great Courses has brought the 
world’s foremost educators to millions who want to go 
deeper into the subjects that matter most. No exams. No 
homework. Just a world of knowledge available any time, 
anywhere. Download or stream to your laptop or PC, or use 
our free apps for iPad, iPhone, Android, or Kindle Fire. Over 
600 courses available at www.TheGreatCourses.co.uk. 


The Great Courses®, 2" Floor, Mander House, Mander Centre 
Wolverhampton, WV13NH. Terms and conditions apply. 
See www.TheGreatCourses.co.uk for details. 


MAIN ILLUSTRATION: MARK GARLICK, SPACECRAFT: PAUL WOOTTON, PHOTO: EMMA SAMMS, 
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JON CULSHAW’S 


EX *PLANET 
EXCURSIONS 


Jon discovers peril close to home in the debris disc around brilliant Vega 


he unending diversity and 
variation of the exoplanet 
systems that we’ve made 

our stops at is always 
staggering: every world as different 
and contrasting from the next as it’s 
possible to imagine. I find it fascinating 
to consider the formative times of stars 
and their planetary systems, to mull 
over the extent to which conditions 
vary in the early periods of exoplanet 
systems, as matter coalesces and 
gravitational order settles into place. 

A trip to Vega will let us see a 
marvellous example of a family of planets 
in formation. Will it be a view of another 
late heavy bombardment, or the gentle 
settling down of a snow globe after a 
thorough shake? 

Our target is pretty easy to find; Vega 
is the second brightest star in the northern 
celestial hemisphere, visible in summer 
skies ‘as part of the Summer Triangle and 
the brightest star in the constellation of 
Lyra. It’s a hot, blue star of spectral 
class A, thought to be a rather young 
455 million years old, and intriguingly 
vigorous at around twice the mass of the 
Sun. It rotates with a mighty ferocity, 
so much so that its equator is caused 
to bulge out, giving the star an elliptical 
shape. We don’t have to travel overly 


far to reach this system: a reasonably 
local 25 lightyears from Earth. 

One of the early results from the 
Infrared Astronomy Satellite (IRAS) 
was the detection of excess heat 
emanating from Vega. Realisation soon 
came that this heat was being created 
by a disc of dust surrounding the hot 
blue star. Once the Spitzer Space 
Telescope took a closer look, we could 
see that the disc started at about 70 to 
100 AU and stretched out to 815 AU. 

A flight in my ship, the Perihelion, 
through this zone requires maximum 
alertness and concentration to avoid 
a collision. Even crashing into a 
peppercorn sized object could cause 
the ship to be atomised, or at least 
need a touch up in a respray bay. 

This is a tumultuous, looping, 
backspinning flight with perilous 
manoeuvres needed every few seconds. 
Boulders of every jagged shape hang all 
around, as if a sack of gravel had been 
emptied out on the International Space 
Station. They cast thousands of shadows 
onto the ship’s walls like a swathe of dog 
tooth checks. Clashes of asteroids and 
comets must have been the cause of this 
magnificent chaos. 

There may be millions of years worth 
of these collisions still left to play out. 


Swirls and streaks of illuminated gas in 
shades of lilac and copper line our view 
like garlands of contrails as if the Red 
Arrows’ Vega fleet had just completed a 
planetary fly past. 

My imagination moves ahead to the 
relatively short time in the astronomical 
future when fast burning Vega becomes a 
red giant. By then, this extraordinary 
debris disc ought to have settled down 
into a more ordered system of objects and 
planets. A designated area of outstanding 
natural, astronomical beauty. Until then, 
as my the Perihelion exits the debris disc 
of Vega the view outside the portal 
resembles the sweeping closing titles 
of Eccleston-era Doctor Who. 


Jon Culshaw is a comedian, impressionist 
and guest on The Sky at Night 
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Interactive 


EMAILS 4 LETTERS 4 TWEETS 4 FACEBOOK 


Email us at inbox@skyatnightmagazine.com 


The ‘Message of the 

Month’ writer will 
receive four top titles courtesy of 
astronomy publisher Philips: Robin 
Scagell’s Complete Guide fo Stargazing, 
Sir Patrick Moore’s The Night Sky, Robin 
Scagell and David Frydman’s Stargazing 
with Binoculars and Heather Couper and 
Nigel Henbest’s 2018 Stargazing. 


Tales from 


THE EYEPIECE 


Stories and strange tales from the world 


of amateur astronomy by Jonathan Powell 


A guaranteed source of amusement in 
the astronomical world is the many colourful 
and varied interpretations of how to 
pronounce the names of celestial bodies. 
Take Halley’s Comet: ‘Hailey’, ‘Hal-lee’ or 
‘Hawley’ are just three I’ve heard over the 
years. According to historians, ‘Hawley’ is 
perhaps the more favoured as it is believed 
that this is how the English astronomer 
referred to himself. And what of Betelgeuse 
in Orion? My own choice is ‘Beetlejuice’ 
rather than some of the other touted 
pronunciations of ‘Betelgurz’, ‘Betelgeeze’ 
or ‘Yettlegeeze’. In the age of being 
autocorrected, mispronunciation can now 
be achieved electronically. For instance, the 
bright stars in ‘Prion’s Belt’ can be seen 
during winter evenings; better still, there 
is a chance of seeing a ‘faint cornet’. 


Jonathan 
Powell is the 
astronomy 
correspondent 
for the South 
Wales Argus 


skyatnightmagazine.com 2017 


Radio Perseids 


Stephen was able to 
capture the ‘pings’ of 
incoming meteors with 
a radio antenna 


August’s The Sky at Night TV programme 
was all about meteorites and how to detect 
them, especially during the Perseid meteor 
shower. We saw how radio astronomy 
could detect incoming meteorites. This 
involved listening to a powerful VHF radio 
station out of range normally, in this case 
the Graves beacon in Dijon, France. When 
a meteorite enters the atmosphere it leaves 
an ionised trail that reflects radio waves 
back down to the ground. This is heard as 
a ‘ping’ and can be viewed on a computer. 
Impressive, but complicated, or so I thought. 
Tm aradio amateur as well as an astronomer, 
and the following night I went to a meeting 


Wild words of wisdom 


Loved the article on Wild Astronomy 

in September’s issue (page 38), combining 
two pastimes that are both close to my 
heart! I hope many people are inspired 

by it and enjoy the adventure and 

amazing memories. I have a couple 

of useful suggestions for anyone 

thinking of taking it up. 

> All Scottish and North of England 
dark-sky sites are anything but from May 
to end of August. I have read BBC Sky at 
Night Magazine on a beach near Thurso at 
lam in June: the Sun was just below the 
northern horizon! 

> Mobile coverage in the Highlands is 


at the local radio 
club. We discussed 
recreating the setup 
on The Sky at Night 
by using a piece of 
software called 
SpectrumLab and 

a receiver tuned 

to 143.050Mhz to 
monitor reflections 
of the Graves VHF 
station. I gave this 
setup a go myself 
and got some amazing results! With quite 
a small VHF antenna I was able to capture 
reflections from incoming meteorites, as 
the image above shows. This was captured 
over a period from around midnight to 
9.30am, and it shows lots of small 
reflections along with some quite big ones. 
Even a few days after the Perseid maximum, 
there was still a lot of activity. 

Stephen Macdonald, via email 


Fascinating, Stephen! Detecting meteorites 
this way works whatever the weather, and 
is a really useful way of monitoring the 
strength of meteor showers. - Ed 


quite sparse: leave phones with a short 
battery life switched off when not needed 
as they'll drain the battery hunting for 
non-existent networks. 

> I can’t overstress the author’s advice for 
leaving a detailed itinerary and estimated 
return time. This could be a lifesaver if 
mountain rescue get involved. 

> Always ask for local advice from farmers, 
shepherds, games wardens or ghillies, etc. 
to get the best sites, routes and the latest 
on the weather. 

George Futers, Peebles 


What useful advice, George, clearly borne 
out of experience. - Ed 


SOCIETY in focus 


ei 1} iM f 


A Chesterfield AS at their observatory 


Cloudless skies are rare on a Friday night 
in Chesterfield, but when we get them our 
little society takes every opportunity to look 
at them in the many diverse ways that 
technologies new and old afford us. 

Our recent meet-up on 8 September was 
no exception. We arrived at the observatory 
from 8pm and began preparing for what 
promised to be a good night's viewing. The 
activities were diverse: one member had 
just bought a Vixen Polarie and was trying 
it out for the first time with his Panasonic 


= Tweets 


Adam Tatton-Reid 
@atatreedy @ Sep 16 
Who says the back garden 


should only be used in the 
daylight. Get outside and look 
up. #milkyway #darkskies 
#findyourepic #astrophoto2017 


Paywall peeves 


Lewis Dartnell’s Cutting Edge in October 
(‘Our Sun could be heading for a slump’, 
page 17) was a very nice precis of an article. 
It gave the reference, but sadly the paper is 
behind a paywall. I wonder if when choosing 
papers to review you might consider the 
ability of interested readers to access the 
cited work? It would be really helpful; indeed 
you may wish to focus on open access papers? 
Prof Peter hall, via email 


TZ60 camera. After polar aligning the device 
he set about taking some wide-field images 
— with varied results. A little more trial and 
error and there will be some good images! 
Another member had bought some 
equipment from a car boot sale and set it 
up to get a live video feed from a scope, 
which was projected onto the observatory 
wall. There were some great results and we 
were wowed with some nice views of Saturn. 
Elsewhere, in the dome another member 
was busy passing his telescope test — 
prerequisite to being able to use our main 
18-inch reflector — and in the lecture room 
a couple of members were getting to grips 
with an imaging camera's software, which 
had just been installed on the observatory 
laptop. Visitors joined us and took all of 
this in, as well as using our scopes to 
look at M13, Saturn and the Moon. They 
and everyone else enjoyed the whole 
evening very much. 
Mark Eustace, President, Chesterfield 
Astronomical Society 


We'll continue to source papers from Arxiv 
where we can, Peter, where PDFs are freely 
available to download. Readers have the 
option to contact the authors of a paper to 
request a PDF, as academics also do if 
their university doesn’t subscribe to the 
particular journal. - Ed 


bleh are they? 

wm On 15 
September, 
Cardiff 
Astronomical 
Society were 
delighted to 
have a talk on the search for extraterrestrial 
life presented by Prof Jim Al-Khalili. He 
began by quoting Enrico Fermi “Where are 
they?”, and explaining the famous Drake 
Equation, plus a more recent version of it 
by Michele Dougherty of Imperial College, 
London. He then described how research 
into the subject has been transformed by the 
discovery of a plethora of exoplanets, and 
will be even more so by the new James 
Webb Space Telescope. Updating us on 
current approaches to the subject, he then 
added that it was debatable whether life 
elsewhere would be intelligent, able to 
communicate with us, or even be ina 
form that we would recognise. 

Theresa Cooper, Cardiff AS 


4 


Sounds like a fascinating talk, Theresa. 
If we do find ET life, the distances 
involved would be a giant barrier to any 
meaningful communication. - Ed 


INTERACTIVE NOVEMBER 25 


Meanwhile on 
FACEBOOK... 


WE ASKED: The Cassini mission was probably 
the most incredible planetary encounter to 
date, but what were its highlights? 


Sally Stubbs It has to be Enceladus if | had to 
name just one, but | loved The Day the Earth 
Smiled, the infrared image of Saturn and the 
rings side on. Maybe the polar shots. Gosh 
so many amazing highlights xx 


Phil Heppenstall The Hexagon. It’s such an 
odd shape to occur naturally. 


Tony Moss Water and some of the ingredients 
for possible life on Enceladus 


Lesley Willis Seeing the rings!! 

Simon Whitfield Propellers in the rings, 
ice plumes on Enceladus, and, after a 
mammoth taxi ride, Huygens on Titan! 


Jeff Lewis Enceladus! 


Joye Colbeck Ripples in the rings caused by 
moons. Mind-blowing images! 


Frank Sover Photos of Titan. 


Andy Jowett Huygens for me; seeing 
underneath the clouds on Titan. 


Bettina Bowyer Close ups of Saturn’s moons. 
Pete Williams The beginning (I think) of 
confirmation that ‘life’ is everywhere. | think, 


eventually, we will find that carbon based life 
forms infest the galaxy like ‘bacteria’! 


© Tweets 


Sonia Bashir 
@SoniaBashir ¢ Sep 15 
. ' Moonset over #Preston - Taken in 


the early hours of a summer 
morning #soniasattic 
#StormHour @SnapYourWorld @ 
ThePhotoHour #EarthCapture 


oops! 

In September's Wild Astronomy feature (page 
38), we incorrectly suggested that you could 
use a bivvy bag in lieu of a sleeping bag. 

A bivvy bag is recommended as well as a 
sleeping bag - it’s a waterproof covering 

for when you don't have a tent. 
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Hotshots 


This month's pick of your very best astrophotos 


YOUR 


BONUS 
CONTENT 


A gallery 
containing these 


and more of your 
stunning images 
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<The 
Milky Way 


IAN CARRUTHERS, 
COUNTY WATERFORD, 
IRELAND, 
23 AUGUST 2017 
lan says: 
“Myself 
and four 
photo- 


aA graphers 
took a chance on an 
unpromising forecast. 
and drove three hours 
from Dublin, with 
rain and cloud all the 
way down. Then we 
arrived in Waterford 


and the clouds cleared.” 


Equipment: Nikon 
D610 DSLR camera, 
iOptron Skytracker, 
Samyang 24mm lens. 


BBC Sky at Night 
Magazine says: 

“We love the 
merging of colours 
near the horizon, 
particularly the green 
airglow, which really 
makes this 6-shot 
panorama of our 
Galaxy stand out.” 


About lan: “I’ve 

been interested in 
astronomy since a 
young age, and in 
2012 | started to get 
into imaging. | started 
out taking Milky Way 
shots, hunting down 
dark skies around 
Ireland. Each night is 
different and the 
excitement levels are 
always high when an 
imaging session is 
going well. My goal 
is to put together 
enough images to 
publish a book of the 
night skies of Ireland.” 


HOTSHOTS NOVEMBER 29 


<The 
Witch's 
Broom 
Nebula & 
Pickering’s 
Triangle 


MARTIN BAKER, 
SANDHURST, 
BERKSHIRE, 16 JUNE 
— 28 AUGUST 2017 


Martin 
says: 
“I've 
seen 
many 
images of the area in 
red and blue hues, but 
| wanted to make a 
Hubble Space Telescope 
type of image. Now 
onto the Eastern Veil, 
if the skies allow.” 


Equipment: Trius- 
SX694 CCD camera, 
William Optics 
3-inch doublet apo 
refractor, Sky- 
Watcher NEQ6 Pro 
SynScan mount. 


V The Hercules Globular Cluster 


FREDERIC VANDEWATTYNE, BRAKEL, BELGIUM, 28 AUGUST 2017 


S| Frederic says: “After the bad summer of 2017 it was my 
last chance to get this famous cluster this year. It was just 
past the meridian at the right time, high in the sky. M13 
was the first object | ever observed, 20 years ago. But it is 
like it was yesterday. See you next year, M13!” 


Equipment: Canon EOS 450D DSLR camera, CFF 8-inch Newtonian, 
Avalon Linear equatorial mount. 


A Corona Australis 


MAICON GERMINIANI, SANTA CATARINA, BRAZIL, 17/18 AUGUST 2017 


Maicon says: “The Corona Australis Nebula is an extensive 
and very thin molecular cloud 424 lightyears away. In this 
image one can observe reflection nebulae in addition to 
stardust. Globular cluster NGC 6723 on the right of the 
image is about 30,000 lightyears away from the nebula.” 


Equipment: ZWO ASI1600MM-Cool mono camera, TS Optics Photoline 
115/800 triplet apo refractor. 
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Vv VDB 9 & LDN 1357 


JENS ZIPPEL, BREMEN, GERMANY, 21, 22, 25 & 28 AUGUST 2017 
V 
“3g 


Equipment: Atik 490EXm CCD camera, Takahashi Epsilon E130D 
astrograph, Sky-Watcher EQ8 Pro mount. 


Jens says: “I chose this as a challenge for my telescope’s 
first light. The entire region is permeated with dust, which 
you see in the background. In this long exposure, the dust 
reflects the light of the stars and appears in yellow, brown 
or blue colour tones.” 


< Moon mosaic 


GARETH DAVIES, NOTTINGHAMSHIRE, 30 AUGUST 


Gareth says: “Having read several tutorials about 
capturing and processing lunar mosaics, | finally got the 
opportunity to try it out for myself this August. It was a 
pleasure to capture each of the 36 panels that it took to 
create the final image and | managed to collect all of the 


data just before the Moon disappeared behind a tree!” 


Equipment: ZWO ASI120MC CCD camera, Celestron C9 XLT Schmidt- 
Cassegrain, Sky-Watcher HEQ5 Pro SynScan mount. 


A The Elephant's Trunk Nebula 
and Garnet Star 


VINCENT GROSJEAN, PURLEY, SOUTH LONDON, 25 AUGUST 2017 


Vincent says: “I took this from my back garden when 

| was testing my friend’s travel scope. | wanted to test 
its wide-field ability and the nebula seemed like a good 
target. | feel that the Garnet Star has turned out quite 
well, especially considering the fact that this is a false- 
colour image using the Hubble Palette.” 


Equipment: ZWO ASI1600MM-Cool mono camera, TS-Optics Photoline 
60 ED refractor, Sky-Watcher NEQ6 Pro SynScan mount. 


ENTER TO WIN A PRIZE! 


ALTAIR * ASTRO 


We've teamed up with Altair Astro UK to offer the winner of 
next month’s Hotshots an Altair Astro Planet-Killer 685nm 


Premium IR Pass Filter with AR Coating, designed to deliver sharper lunar and planetary images with mono 
CCD or CMOS cameras www.altairastro.com * 01263 731505 


Submit your pictures via www.skyatnightmagazine.com/astrophotography/gallery or email 


~ \R-P 
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Naturetrek 


Join us in Chile for the next total 
solar eclipse in July 2019 
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visits to astronomical observatories, guided-viewing of the southern sky and, for ‘Eclipse Day’, the 
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itineraries are both designed and ecommerce by pe eas with a wealth of experience in this field. 
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ISTOCK 


Astronomer Will Gater reveals the best way to observe 


~ Star trail images are one of 
the most recognisable ways of 
recording movement in the sky 


ABOUT THE WRITER 


Will Gater is an astronomy 
journalist, author and 
presenter. Follow him on 
Twitter at @willgater or 
visit willgater.com 


and image transient and evolving celestial phenomena, 


f 


or most of us our interest in 
astronomy is, and hopefully 
Vi will continue to be, a lifelong 
passion. In 10, 20, even 
30 years from now we'll look up to the 
night sky and in the stars, galaxies and 
nebulae that fill our view we'll se old 
friends, unchanged over all that time. 
The truth is, of course, that the stars 
and galaxies we see are moying through 
space, and nebulae are evolving — they’re 


/ 


just changes that are unfolding on an 
extraordinarily long cosmic timescale. 
But that’s not to say that we humans 
can’t perceive any alteration or movement 
in the night sky. Quite the opposite. One 
could argue that the heart of amateur 
astronomy — and indeed one of the key 
elements of astronomy as a field of scientific 
study — is a rich and deep tradition of 
observing the changing night sky, from 
the appearance of comets to the monitoring 


and how you can help scientists in the process 


of variable stars and the searches for 
supernovae in distant galaxies. 

In the following pages we’re going 
to explore some other transient and 
evolving celestial phenomena that 
you can observe and photograph with 
relatively simple equipment — the kind 
of kit that many amateurs have access 
to — so that you can see for yourself that 

jthe sky, and indeed the cosmos all 
around us, really is in motion. > 
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Weatcn an astero 


WHIZZ BY 


. Near-Earth asteroids 
tan be imaged as trails; 
* this one is 2004 BL86 


Capturing a 
near-Earth asteroid 


pass on camera 


While the planets might be the 
quintessential ‘wandering 
stars’, drifting against the night 
sky’s sparkling backdrop over 
weeks and months, there are 
other objects within the Solar 
System whose movement 
across the heavens is far more 
dramatic — so much so that 
their motion against the stars 
can be discerned over hours 


Step 1- EQUIPMENT 


Small refractors or Newtonians 
combined with a CCD camera 
or DSLR are well-suited to 
imaging bright near-Earth 
asteroids; we've even had 


and minutes, rather than many 
days. Near-Earth asteroids 

are small, typically irregularly 
shaped bodies, whose orbits 
bring them relatively close to 
our planet at times. If a near- 
Earth asteroid is big and bright 
enough it can be a thrilling 
object to catch sight of in a 
telescope eyepiece, or capture 
on camera, as it makes a close 
approach. ESA maintains a 
database at http://neo.ssa.esa. 
int/web/guest/close-approaches 
that you can examine to see 
when any large, relatively, 
bright objects are next passing 
by — and of course our Sky 
Guide will usually contain 
news of upcoming notable 
near-Earth asteroid passes. 


Step 2 - TRACK 
AND FOCUS 


Set up your imaging kit. If you're 
using an equatorial mount get the 
polar alignment (and thus the 
mount’s tracking) as accurate as 


WILL GATER X 5, PETE LAWRENCE X 2, MIKE CAVAROC/ALAMY STOCK PHOTO 


Watching a near-Earth asteroid slowly wander across a star field at 
the eyepiece can be tremendously exciting, but it’s the sort of target 
that really requires a medium- to large-aperture instrument to be seen 
well. On the other hand, even a modest astrophotography setup can 
capture brighter near-Earth asteroids — here we explore how. 


success using just a DSLR and 
a 135mm telephoto lens. You'll 
also need a mount that can 
track the sky accurately for 

a few minutes at least. 


you can, as this will help both 
image quality and processing 
later on. Next, focus on a bright 
star — ideally with the help of a 
Bahtinov mask. 


Step 3 - LOCATE AND IMAGE CAPTURE 


Use stellarium (stellarium.org) and its Solar System Editor plugin to find 
a near-Earth asteroid’s location. Slew to the coordinates, take brief test 
exposures, then cross-reference the star field with Stellarium. When 
you've confirmed the near-Earth asteroid is in frame, check it’s not 
moving out of shot. Capture a series of exposures. 


Step 4 - STACK OR ANIMATE 


You should now have a set of images (typically taken over several 
tens of minutes) that shows the near-Earth asteroid moving between 
frames. You can now process and stack these together with your 
chosen image processing software to show the asteroid’s path, or 
collect and save the frames as an animated GIF. 


skyatnightmagazine.com 2017 


TRANSIENT TARGETS NOVEMBER 35 


Marvel at a 


LUNAR SUNRISE 


As astronomers we're familiar with the 
Moon’s phases, caused by its movement 
around the Earth and the changes in 
illumination that come from the varying 
geometry of the Earth, Moon and Sun 
relative to one another. Prior to full Moon, 
the boundary demarcating night and day 
on the lunar globe, and the line that gives 
the phase its ‘shape’ — called the terminator 
— is the swathe of terrain where the Sun is 
rising over the lunar landscape. At this 
point in the lunar cycle the phase is waxing 
(growing), as the terminator travels across 
the disc. After full Moon the terminator 
moves westwards from the eastern limb 
once again, but is now where the Sun is 
setting, with the phase waning (shrinking). 

This night-by-night movement of the 
terminator, and consequently the daily 
change in the lunar phase, is large and 
easily visible to the naked eye. But you can 
also observe and image subtle variations 
in the Moon’s phase over the course of just 
one night. Watching the Sun rise or set 
over a chain of mountains or a large crater 
rim is a captivating observing experience; 
it is quite something to see the lighting 


4 Sunrise crosses the Lunar X in these images, taken two hours apart, altering the view markedly 


change, and shadows lengthen or shorten. 
It’s evidence of the Moon’s orbital motion, 
happening right in front of your eyes. 
The UK winter months, when the 
Moon is high for hours in a dark 
sky, are an ideal time to attempt the 
observation. Our favourite targets to 
see this phenomenon on are the large 
craters Copernicus and Plato — the latter 
especially, for the shadows from its rim 
that creep across its smooth floor — the 
lunar Alps and the Sinus Iridum. 


How you can help 
the professionals 


Taking pictures or making observations of 
some of the phenomena we've covered in 
this article can be an exciting experience in 
itself, but it’s also possible that your records 
could help professional astronomers with 
their research. For example, if asteroid 
imaging is your thing, the scientists working 
on the OSIRIS-REx mission — which will 
return samples from the surface of the 
asteroid 101955 Bennu in 2023 - runa 
project called Target Asteroids! (https:// 
www.asteroidmission.org/get-involved/ 
target-asteroids). It uses data captured by 
amateurs to help learn more about certain 
asteroids. Alternatively, if you’ve been 
lucky enough to capture a picture or 
timelapse of the Northern Lights on holiday, 
the Aurorasaurus citizen-science project 
(http://aurorasaurus.org) is collecting 


images of a poorly-understood auroral 
phenomenon dubbed, rather unusually, ‘Steve’ 
— if your snaps show the unusual filamentary 
feature they could be useful to researchers. 


_ The auroral phenomonon 
known as ‘Steve’ (lower 


A high frame rate camera and a modest 
amateur telescope can capture the changes 
easily. If you are able record an AVI video 
every 20-30 minutes or so for several hours, 
you can create dramatic animations of the 
changing illumination. This requires each 
processed image produced from the raw 
AVI videos to be brought into software 
— such as Photoshop or GIMP — as a 
separate layer. Multiple layers within a 
single picture can then be saved as an 
animated GIF file. 


And of course many national 
astronomical societies and organisations 
gather reports and observations of 
transient and changing astronomical 
phenomenon sometimes for publication 
and analysis in their journals. 

So whether it’s through a citizen-science 
project or a more traditional endeavour, 
like meteor counting, planetary imaging 
or variable star observing, there are 
many ways that we amateurs can make 
a meaningful contribution. > 
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Tne spectacular 


4 Sunspots have two parts — the darker, 
central umbra, and the lighter outer penumbra 


We needn’t look lightyears out into space 
to find evidence of the dynamic and ever- 
changing nature of the cosmos we live in. 
In fact you'll find it on our celestial 
doorstep in the form of our star, the Sun. 
This seething ball of plasma is constantly 
changing. Its churning ‘surface’ — the 
photosphere — is occasionally pockmarked 
by dark, transitory, blemishes known 

as sunspots, while above huge tendrils 

of plasma, called prominences, rise 

and waver as they are corralled by 

the star’s magnetic fields. 

To observe these features safely 
however you'll need specialist 
equipment. To study the photosphere, 
for example, a telescope needs to be fitted 
with a certified solar filter and 
any finderscopes should be 
removed too. With 
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4 The peak of a solar flare, seen here 
as a much brighter string of light 


careful and correct use and installation 
— conforming to the manufacturer’s 
instructions — certified solar filters 
can provide superb views of evolving 
sunspots and large sunspot groups. 
There are also specialist dedicated 
solar telescopes available which, as 
well as filtering the Sun’s light so it is 
safe to view, show only certain specific 
wavelengths of the Sun’s radiation. 
One type of dedicated solar telescopes 
shows what’s known as the ‘hydrogen- 
alpha’ band in the Sun’s spectrum. 
These solar scopes reveal a layer in 
the Sun’s atmosphere known as the 


chromosphere and in doing so opena 
window onto one of the most dynamic 
regions of our star. 

While an ordinary certified solar 
filter will show the solar photosphere 
as a smooth whitish or yellowish disc, 
perhaps marked by sunspots or speckled 
bright patches known as faculae, a 
hydrogen-alpha solar telescope will 
show the Sun’s chromosphere as a 
bright, scarlet-red globe shrouded 
in a mass of plasma ‘fibres’. 

A hydrogen-alpha solar telescope 
will also often reveal the prominences 
leaping off the limb of the Sun, and 
these can change in literally a matter 
of minutes, meaning they are a wonderful 
target for high-resolution imaging 
where spectacular animations can be 
made of their evolution. Sketching 
can be a great way to record the changes 
in these features too. 

The powerful magnetic fields 
associated with sunspots also have an 
effect in the chromosphere. There they 
manifest themselves as bright ‘active 
regions’ where loops of plasma twist and 
turn around the dark sunspots. Like 
prominences these too can change and 
evolve over short periods. Sometimes 
they may even exhibit very bright, fleeting, 
beads or filaments of light. These are 

thrilling events for solar observers 
and imagers, and are known 
as solar flares. 


: alpha telescope, the Sun takes 
nabs a ‘on a distinct scarlet hue 


TURNING SKY 


és ‘Each arc in a star trail 
image represents a star 
moving through the sky 


One of the most obvious signs that we 

live on a rock spinning in space is the 
motion of the stars across the sky during 
the course of a night. This movement is 

a result of Earth rotating on its axis, and 
you don’t need a hugely advanced setup 

to capture it on camera; a DSLR, wide kit 
lens and static tripod are ideal for tackling 
a classic star trail shot. Leave the shutter 
open for 30-60 seconds and the rotation of 


the Earth will blur the stars into short arcs. 


If you want to take things a step further, 
try creating a timelapse of the sky — and 
perhaps the Milky Way too — moving. You 
can use the same kit as for a star trail shot, 
but you'll need to approach the way you 
capture the images in a slightly different 
way. For timelapses you don’t actually 
want the stars to trail. What you need are 


THIS MONTH 


A particularly fine chance to watch the 
motion of the heavens is on offer in the 
UK this month when, in the early hours of 
the morning on 6 November, the gibbous 
Moon will occult (slip in front of) the 
bright star Aldebaran in Taurus. As the 
Moon journeys across the background 
stars of Taurus, Aldebaran will disappear 
behind the brightly lit western limb 

of the Moon, emerging 40-60 minutes 
later from behind the unlit eastern 
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for them to be points of light so that when 
you come to animate the shots it looks 
almost as if the sky is a static picture that’s 
drifting over a landscape. This may mean 
that you have to keep the exposure length 
short, increase the ISO and open your 
lens’s aperture right up to compensate. 
When you've found the right settings, set 
the camera taking exposures continuously, 
say for 30 minutes for a short timelapse. 
You'll typically capture hundreds of 
photos doing this, so make sure your 


limb. Occultations are great events for 
video astronomy, so if you have a digital 
camera that can shoot video try capturing 
Aldebaran suddenly popping into view as 
it reappears from behind the Moon. The 
exact moment of Aldebaran’s reappearance 
(and disappearance) will depend on where 
in the UK you're observing from, so 
consult a planetarium programme, such 
as Stellarium (www.stellarium.org), for 
location-specific times. @ 


camera’s memory card and your computer 
are up to the task! The images can then be 
processed as a group in image processing 
software and then imported into a video 
editor to be animated into a smooth video. 
There are numerous ways of achieving the 
latter — for example in iMovie you'd do it 
by setting the ‘duration’ of each still image 
to 0.1 seconds. This technique can also be 
used to make timelapses of other dynamic 
astronomical phenomena, such as aurorae 
and noctilucent clouds. 


Increasing the ISO 
during a timelapse 
can help you 
avoid blur 


Aldebaran emerges 
from behind the dark 
lunar limb in this 
2015 occultation 
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NASA and ESA both have 
plans for Mars, but China is 
not far behind; could it be 
taikonauts who plant the 
first flag on the Red Planet? 


ext year, the Chinese National Space 
Administration (CNSA) marks its 25th 
anniversary. Since 1993 it has matured 
at an incredible pace. In terms ofits breadth 
and depth of capabilities, CNSA already rivals ESA 
and is perhaps a decade behind NASA, entities that 
were established 42 and 60 years ago respectively. 
The backbone of CNSA is its main contractor, 
the state-owned Chinese Aerospace Science and 
Technology Corporation (CASC). CASC has 
revenues in excess of £34 billion, nearly 200,000 
employees, and is predominately focused on 
space engineering in one form or another. To give 
a sense of scale, that is equivalent to Lockheed 
Martin and Northrop Grumman combined. 
Over the past decade, CNSA and CASC have 


4 = successfully launched more than 150 orbital 
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rockets, which carried around 200 spacecraft and 
satellites. Two of the spacecraft launched were 
Tiangong-1 and 2 (Heavenly Palace 1 and 2), small 
test-bed space stations that demonstrated a suite 
of technologies and capabilities, and hosted three 
of the five manned space missions launched. Three 
of the spacecraft launched were their Chang’e 
family of lunar probes. Chang’e-3 dispensed a 
lander and the very successful Yutu (Jade Rabbit) 
lunar rover, and Chang’e-2 went on deeper into 
space to conduct a flyby mission, passing within 
3km of the 9.5km-wide asteroid 4179 Toutatis. 
China has also brought online major space- 
based infrastructure, including satellite television, 
weather forecasting and — most notably — its own 
GPS service using the BeiDou navigation satellite 
system. Though originally looking to cooperate 
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4 Taikonauts Jing Haipeng and Chen Dong spent 30 days 
aboard Tiangong-2 in October and November 2016 


4 The Chang’e-3 lunar lander was the first Chinese 
spacecraft to complete a soft landing on another world 


4 Chang’e-3 delivered Yutu, the first rover sent to the 
Moon since the Soviet Union’s Lunakhod 2 in 1973 


with Europe on the Galileo satellite navigation 

programme, China, dissatisfied with its level of 
involvement, in 2006 decided to develop its 
own system independently. 


completed the construction of its fourth. Within 
the past decade, CNSA updated its fleet of Long 
March rockets with four new variants. These 
are not only among the most advanced 
government-built rockets in existence, 
they’re also among the cheapest. 
CNSA plans to land a rover on 
the far side of the Moon in 2018, 
and another on Mars in 2020. With 
assembly beginning next year, and 
with the aid of several taikonaut 
construction crews, CNSA expects that 
its equivalent of the International Space 
Station will be operational by 2022. And 
at about the same time, it believes it will 
have mastered partial rocket reusability on a 
level similar to what SpaceX is achieving today. 
Most of us hang on the word of every announcement 
made by NASA and ESA, but why do only a handful 


China charges forward 
The steadily growing BeiDou 
constellation is currently used over 
most of Asia and brings in annual 
revenues of around £25 billion. Though 
the Galileo constellation was slated to 
become fully operational at about the 
same time as the global BeiDou system, 
this is now in question. Systematic 
failures of the atomic clocks critical to 
operations have already compromised half a 
dozen satellites. Though corrective actions have 
been taken, only time will tell how effective these 
are for the existing constellation. 


4 Crew capsule Shenzhou 
Where we in the UK are considering building 11 docked with space lab of us know what is going on with the Chinese space 


our first operational spaceport, China last year Tiangong-2 in October 2016 = programme? And how is CNSA advancing so quickly? > 
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Wall and the Grand Canal have come to fruition. 
Now China has a mature presence in the space 
arena, with ambitions of taking on epic and 
pioneering challenges, its system of government 
could be seen as ideal to drive the progress of the 
industry. The flip-side of this is its isolation, a trait 
that has caused China’s progress to stall in the past. 


Will history repeat again? 
During the 15th century, China dominated the 
world in naval technology. Enormous fleets of 
massive ocean-going ships explored Asia and Africa, 
with craft that were up to 10 times the tonnage and 
five times the length of Christopher Columbus’s 
flagship Santa Maria, constructed 80 years later. 
Increased exposure to other societies through 
trade went against the Confucianist philosophy 
central to Chinese politics in that era. They 
burned their ships, banned ocean-going activities, 
and within a generation the knowledge was lost. 


> For one thing, we in the West tend to hold 4 China’s 15th-century Up until that point, China was quite literally 
our governments at arm’s length, limiting their navy wasionce world- several hundred years ahead of the West in naval 
control, and changing their leadership, direction leading, but emerging technology. It was not until the 18th and 19th 


isolationism undid 


and priorities at least every decade. The manifestation ears of progress centuries that ships in the West came close to 

of this is that the execution of any long-term , what China had achieved in the 15th century. 

projects can become inefficient due to a lack This disposition for isolationism still stands today. 

of both focus and security of financing. Though in recent years nearly a dozen nations have 

In China, that is not worked hard to build 

the case. Its one-party dd e bridges with CNSA, 

system has been embedde: aving signed agreements 
pagabatencas et China appears to be on course to et canine a 

A e . : . 

into the tapestry of become the economic world leader of cooperation, China is 

society there for over a yet to truly partner with 


thousand years. With its within the next decade. What that world another country or 
ingle fc a tal e e e e fl hip-| i 
rojects like the Great. Will look like remains an open question” <i onctan 


projects like the Great space mission of any 
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4 Artist's concept of the Tianhe (Harmony of the Heavens) core module —4 Cargo vessel Tianzhou 1 during docking with Tiangong-2 in April 2017 


BUILDING A CHINESE SPACE STATION 


After years of quiet manned missions, China is gearing up to build an orbiting lab on same scale as the ISS 


CNSA is to begin the construction of its own stations Tiangong-1 and 2 (Heavenly Palace The launch of Tianhe is the first of a dozen 
modular space station next year with the 1 and 2), launched in 2011 and 2016. The required for the assembly of the Chinese 
launch of the Tianhe (Harmony of the Heavens) _ final major hurdle to the start of construction Space Station. The first construction crew of 
core module. China has been quietly was passed earlier this year with the launch of _ taikonauts is expected to launch in 2019, and 
launching manned missions into orbit for more a new cargo resupply spacecraft, Tianzhou 1 the station is expected to be fully operational 
than a decade, and has been operating two (Heavenly Vessel 1), which was successfully by 2022. Its crew capacity will be similar to 
very successful precursors: manned space demonstrated and docked with Tiangong 2. that of the International Space Station. 
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GPS FOR [HE GALAXY 


China's ambitions don't stop at a global GPS equivalent; it’s also developing a system that could work beyond Earth 


Last year, CNSA launched XPNAV-1, the X-ray one another: a neutron star and a typical Pulsar navigation could enable spacecraft 

Pulsar Navigation satellite. This spacecraft is star like our Sun. The rapidly spinning to determine where they are in this corner of 

collecting information from pulsars to enable neutron star sucks material from its neighbour — the Galaxy to an accuracy of about 100m. 

scientists to create a deep-space navigation and emits powerful X-rays across the Spacecraft could navigate autonomously 

system based on their flashes. It’s like GPS, but | Galaxy from its magnetic north and south using these natural and distant beacons, 

for probes travelling between the planets and stars. — poles. The spin is so regular, from the right sidestepping the issue of time delays when 
Instead of using GPS satellites for perspective these X-ray emissions can be communicating with Earth. And it could allow 

triangulation and navigation, CNSA is using seen as regular pulses that are about 10,000 _ far better formation-control of Earth-orbiting 

a collection of distant X-ray binary pulsars. times more precise than the atomic clocks satellite constellations. China expects to bring 

These are composed of two stars orbiting used on GPS satellites. pulsar navigation online within the next decade. 


The XPNAV-1 satellite 
is testing a new way 
of navigating in space, 
based on flashes from 
spinning pulsars 


sort. There have been relatively minor collaborations 
with ESA, such as a recent training exercise in 
which ESA astronauts Samantha Cristoforetti and 
Matthias Maurer joined 16 taikonauts for nine days 
of survival training in the seas off the Chinese 
coastal city of Yantai. There are also early-stage 
talks about allowing astronauts from some ESA 
states on board the Chinese Space Station, but little 
beyond that. China has turbulent relations with the 
US, so much so that it has been banned from 
involvement with the International Space Station. u 

China appears to be on course to become the sea survival fraining 
economic world leader within the next decade as it ain August 2017 
continues to modernise. What that world will look like 
remains a very open question. China’s identity, and 
how it manages the rest of the world, will not become 
clear until its growth on the world-stage stabilises. 
There is no reason this wouldn’t be reflected in the 
space sector. How well large aerospace entities like 
Thales and Airbus build and mature their relationships 
with China in the coming years may play a significant 
role in dictating their futures, and consequently the 
future of the space industry in the West. 

China has now begun to reveal its ambitions for 
manned space flight beyond low-Earth orbit. You have 
to wonder: what flag will be on the shoulder of the 3 
first person to step onto the rusty dust of Mars? @ D at aa a 


Maurer and fellow ESA 
astronaut Samantha 


“poset are briefed 


ad of the exercise 


skyatnightmagazine.com 2017 


( Sonas CoLLECTION 


“Only Skye is the tmit™ 


p 


p 


p 
C/)UISDALE ( SKEABOST (©/ORAVAIG 


Hotel & Restaurant Hotel & Restaurant Hotel & Restaurant 
www.duisdale.com www.skeabosthotel.com www.toravaig.com 
01471 833 202 01470 532 202 01471 820 200 


— == 
et a i a) a 7 


ct &, y, oP 


SN 


a 


se " a ‘ Wan | i f 
Gs , MI AN by 
UMW isle yf a 


BS \ 4 ‘ 2a a Site CS EXCELLENCE 
G) nS FP THE ~ FAWARDS PEOPLE 
i SCOTTISH 


s vi INTERNATIONAL WEDDING ing © EXCE LE NCE 
Scottish RGTE cheno” (Stee, Gua 


GUILLERMO GONZALEZ/ALAMY STOCK PHOTO 


IMAGING FOR SCIENCE NOVEMBER 43 


The Moon, ever present in our 
night sky, offer plenty of chances 
for scientific study without too 
much astronomical kit 


IMAGING FOR 


CIENCE 


Part 2: [he Moon 


Your images of our neighbour can contribute to the analysis of 
unknown features, TLP and more, writes Pete Lawrence 
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unar images can play a part in 
scientific investigations of the 
Moon with the addition of a few 
key details. All lunar observations 
should be date and time-stamped and carry 
a record of the equipment used to perform 
the observation. Your name and location 
are also relevant, and seeing conditions 
should be noted. For imagers, a five-point 
seeing scale such as that proposed by 
astrophotographer Damian Peach can be 
applied, where five equals excellent seeing 
and one extremely poor seeing. Also make 
a note of sky transparency. 
A useful practice is to augment lunar 
observations with details such as phase, 
the Moon’s altitude and solar co-longitude. 


Hardware & Software 


The latter indicates the longitude of the 
morning terminator measured west from 
the central meridian; 0° at first quarter, 
90° at full Moon, 180° at last quarter and 
270° at new Moon. This is especially relevant 
for features that only appear when the Sun 
is at a particular height in the lunar sky. 
Get this information from freeware programs 
such as WinJupos or The Virtual Lunar Atlas. 


ABOUT THE WRITER 
Pete Lawrence is an 
expert astronomer 
and astrophotographer 
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particular interest 

in digital imaging 


HARDWARE: Binoculars, small and large telescopes, DSLR and high frame rate cameras, 
infrared or red filter (for use with monochrome high frame rate cameras only) 


SOFTWARE: AutoStakkert! (www.autostakkert.com) 


WinJupos (http://jupos.org/gh/download.htm) 
Virtual Lunar Atlas (www.ap-i.net/avl/en/start) 


LunarScan (www.lunarimpacts.com/lunarscan.zip) 
Lunar Terminator Visualisation Tool (https://the-moon.wikispaces.com/LTVT) 
MetaGuide (www.astrogeeks.com/Bliss/MetaGuide/index.html) 


Nudger (www.gvarros.com/nudger.htm) 


Shadows are key to lunar 
study; as they move, grow 
and fade, new aspects of 
familiar surface features 
come to the fore 
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“Record ng the extent of earthshine 


Your lunar images can help to examine the reflectivity of Earth 


Proclus 


Kepl 
ancl Mare 


Crisium 


Aristarchus 


4 Estimating how bright earthshine is can give 
an indication of Earth’s current reflectivity 


When the Moon appears close to the Sun, 
it looks like a crescent. If you were 
standing on the Moon’s surface in the lit 
portion of the crescent, the Sun would be 
up and it would be day. The dark portion 
would be experiencing lunar night. 
Although the Sun would be below the 
horizon, the sky would be dominated Grimaldi 
by a bright gibbous Earth. 
Sunlight reflected from Earth can Copernicus 
illuminate the Moon’s dark portion, 
and we see this light reflected back to 
us as earthshine. One of the simplest 


observations to make of the Moon is to 
record how bright the earthshine is. This 4 High-contrast features may be visible under earthshine; these are some of the best to look for 


can be done with your eyes, through 


binoculars or a telescope. A rough fully lit. For scientific or albedo. If Earth has a 
measurement with the naked eye would purposes, comparison high proportion of 
simply state whether earthshine was images at similar clouds, its reflectivity 
visible on a certain date and time or exposure settings is higher and the 
not. Through binoculars or a telescope, should be taken. earthshine will 
it is possible to extend the estimate by Here, bracketing appear more 
stating which features, if any, are visible the exposures prominent, 
in the earthshine region. Features such from a correct whilst a clear 
as the bright crater Aristarchus and the illumination atmosphere 
dark plain of Grimaldi make good of the sunlit on Earth will 
markers for evening crescents, while surface to full produce weaker 
the bright crater Proclus and the dark overexposure earthshine. 
Mare Crisium are useful for morning of the same area For more 
crescents. Recording how late and early is useful. information, visit the 
in the lunar cycle that earthshine can Earthshine earthshine page in 
be seen is another useful measure. records provide a the Projects menu at 
A long-exposure image of the valuable resource 1 A determination of how many days through the Big Bear Solar 
earthshine-lit Moon will reveal the dark for monitoring the lunar cycle earthshine can be seen or Observatory (www. 
portion almost as it would appear when Earth’s reflectivity, recorded is another valuable piece of data = bbso.njit.edu). > 
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Imaging lunar teatures 


Despite widespread mapping, images of features under different illuminations are still needed 


eastern limb appears to the right. While 
it’s customary to present lunar drawings 
with south up so as to replicate the view 
through the eyepiece, the ease by which 
digital photographs can be rotated has 
relaxed this requirement somewhat. 
High-resolution imaging requires a 
telescope of at least 8 inches in aperture 
and a high frame rate camera to reduce 
the effects of atmospheric seeing. Mono 
cameras are recommended and a long- 
wavelength pass filter — ie, red or infrared 
—can help steady the view. Under excellent 
seeing, switching to a green filter may 
produce even sharper results. 
Active programmes to 
record the appearance of 


4 Different Sun angles create different shadow effects, as seen here at Crater Posidonius 


The Moon is covered in fascinating geological under this constantly 
features — some easy to spot through small varying illumination. 
telescopes. The surface has been extensively To add to the coverage, 


mapped and we now have online resources 
that allow you to zoom virtually into 
individual boulders (like this one — http:// 
target.lroc.asu.edu/q3). So with all of this 
data is there any point in observing and 


any images taken 
should be info- 
stamped with the 
values mentioned 
in the introduction. 


specific types of lunar 
feature exist across 
organisations such 
as the Association 
of Lunar and 


imaging the Moon at an amateur level? Orientation should Planetary Observers, 
The answer is a wholehearted yes! also be indicated the British 

A number of factors change the and is especially Astronomical 
appearance of lunar features over time, important on high- Association and the 
most importantly the monthly phase resolution shots where Society for Popular 
cycle and libration. Taken together, these navigational aids Astronomy. These 
adjust the relative position of the Sun in may otherwise be include banded 
the lunar sky, providing a multitude of out of frame. A Ahigh frame rate camera fitted with an craters, rilles, rays, 
illumination angles. Amateur observers The Moon is infrared pass or red filter is a good combination high albedo swirls, 


continue to build an extensive archive 
showing how lunar features change 


unique in that, with — for lunar imaging because longer wavelengths domes, and 
north at the top, its tend to be less affected by seeing dark haloes. 


ALL PICTURES: PETE LAWRENCE 


4 Examples of lunar features under study: [1] Banded crater Langrenus M, [2] Hyginus and Triesnecker rilles, [3] Messier & Messier A rays, 
[4] High albedo swirls such as Reiner Gamma, [5] Hortensius domes, [6] Fractured crater floors such as Gassendi (left) and Atlas (right), 
[7] Dark-haloed craters in Alphonsus (left) and Beaumont L with neighbour (right), and [8] Fresh, bright craters like Aristarchus 
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PROTECT 


Transient lunar phenomena 


Watch for fleeting flashes on the Moon's surface to investigate this little understood event 


A larger image scale that covers a smaller portion of 
the Moon’s disc will make impacts easier to see, but this 
comes at the expense of potential events outside of frame 


A transient lunar phenomenon (TLP) 

is a short-lived event observed or imaged 
on the lunar surface. Much useful work 
in this area can be done by monitoring 
for surface impacts. 

A lunar impact appears as a flash when 
the impactor vaporises. These may be seen 
on either the bright sunlit or dim night- 
time portion of the Moon. Detection on 
the night side is easier because flashes have 
greater contrast against the darker surface. 

The equipment required to 
capture TLP events doesn’t 
need to be particularly 
sophisticated, but 
there are a number of 


Le 


issues that need to be 
considered. A full- 
disc image will give 
the best coverage, 

but any flashes 
detected are likely to 
appear tiny; increasing 
image scale will 
improve visibility 

at the expense 

of area covered. 

An equatorially 


4 Astronomical video cameras make 
ideal lunar impact monitoring devices 


mounted telescope driven at lunar rate 
is necessary to keep the Moon in view; 
for long observing runs, autoguiding on 
the lunar surface is recommended. Free 
programs such as MetaGuide or Nudger 
will do this for you. 

Monitoring is best achieved using low- 
light video cameras such as those made by 
Watec or Mintron. Post-capture analysis 
can be performed using a free program 
called LunarScan. This works with video 

frames up to 720x480 pixels, 
captured at 30 frames per 
second, equating to 12GB 
of storage per hour. 
There’s a good quick 
start guide to using 
i] LunarScan online 


com/LunarScan_ 
quick_start_guide. 
PDF); a condition of 
using this software is 
that positive results 
should be sent to 
NASA's Meteoroid 


Observing hubs 


(www.lunarimpacts. 


Environment Office. 


4 Video analysis can be carried out using 
the free LunarScan software as long as any 
positive results are relayed back to NASA 


such as the Association of Lunar and 
Planetary Observers provide good support 
(www.alpo-astronomy.org/lunarupload/ 
lunimpacts.htm) for this exciting area of 
observation. This includes predictions of 
favourable lunar meteor showers which, 
when active, increase the probability of 
recording an impact flash. 

Most flashes last for a fraction of a 
second. The largest so far recorded was by 
the Spanish MIDAS team at the University 
of Huelva and Institute of Astrophysics of 
Andalusia. That was on 11 September 2013, 
when they recorded a flash as bright as 
Polaris which lasted for eight seconds. @ 
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Pete Lawrence is an 


expert astronomer 
and astrophotographer 
with a particular 
interest in digital 
imaging. As well as 
writing The Sky Guide, 
he appears on The 
Sky at Night each 
month on BBC Four. 
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THE SKY GUIDE 


NOVEMBER 


Jupiter, slowly returning to darker skies, has a relatively close 
encounter with dazzling Venus this month. This potentially spectacular 
morning conjunction comes to a head on 13 November, when the planets 
will appear separated by half the apparent diameter of the Moon. 
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« x" ™ NOVEMBER HIGHLIGHTS 


9 30 G1 


SATURDAY 
The 10th-magnitude 
camet 24P/Schaumasse 
is 1.5° south of the Leo 
Triplet. Unfortunately, the 
virtually full Moon is also in the 
sky. The close approach is best 
seen in the early hours of 
4 November around 05:00 UT. 


TUESDAY 


With the Moon 
close to being 
new, this is a good 
time to try for the 


objects listed in this month’s Deep 
Sky Tour. This month we're 
looking at the objects lying on 
the border of Cygnus and Lacerta. 


SATURDAY 


The Alpha 
Monocerotid 
meteor shower 
peaks today. It has 


a typical zenithal hourly rate of 
five meteors per hour, but has 
exhibited short-lived outbursts 
of 400-plus meteors per hour 
in the past. 


TUESDAY 
Mag. -0.1 
Mercury and 
mag. +0.9 Saturn 
are separated by 
3° this evening as they head to 
the southwest horizon. Look about 
if 30 minutes after sunset. 


PETE LAWRENC! 
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WEDNESDAY P 


Look over 

towards 
the eastern 
horizon at 


04:30 UT to catch mag. 
+1.8 Mars and a 10%-lit 
waning crescent Moon close 
together. At this time Mars 
will appear 3° to the right of 
the Moon’s crescent. 


MONDAY 


This 
evening's 
A%-lit waxing 
crescent Moon is 


4.7° west-northwest of mag. +1.0 
Saturn. Mag. -0.3 Mercury is 
present too, 6.3° below the Moon 
and very close to the horizon 
after sunset. 


SUNDAY 


Use binoculars 
or a scope to 
take a look at the 94%- 
lit Moon from 18:45 UT. 
With a low magnification you'll 
be able to see the Moon pass 
in front of the southern branch 
of the V-shaped Hyades open 
cluster in Taurus during the night. 
Mag. +0.9 Aldebaran (Alpha 
(a) Tauri) is occulted between 
02:30 UT and 03:21 UT. 


SUNDAY > 


The beautiful 

Pleiades open 
cluster in Taurus is 
virtually due south 


at midnight. With no Moon to 
spoil the view and a high altitude 
of 60°, this is a great opportunity 
to spend some time viewing or 
imaging this iconic cluster. 


THURSDAY 


Minor 
planet 
Vesta is 1.1° 
northeast of 


this morning's 4%-lit waning 
crescent Moon. Vesta appears 
to the left of the Moon and is 
mag. +79, so you'll need 
binoculars to see it. 


TUESDAY 


Mars is mag. 

+1.7 and just 40 
areseconds from 
mag. +4.4 Theta 


(6) Virginis this morning. The slim 
separation gives you a chance 
to compare their colours. 


Comet 24P/Tsuchinshan passes 
3° to the south of the Leo Triplet 
this morning. 


THURSDAY 


@ 0 is 
@, small 
chance of seeing 

meteors from 


comet 46P/Wirtanen this morning, 
between 02:40 UT and 04:00 
UT. It’s worth keeping a look out 
between the same times on the 
morning of 1 December too. 
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THURSDAY P> 


This evening the 
59%-lit waning 
gibbous Moon is 3° 
south of the Beehive 
Cluster, M44 in Cancer. Both 
of these celestial bodies rise 
above the east-northeast 
horizon around 21:45 UT, 
taking up their best positions in 
the early hours of 10 November. 


WEDNESDAY 

(1) The 15%- 

lit waxing 

crescent Moon 

is 1.5° to the 
northwest of the mag. +14.3 
dwarf planet Pluto this evening. 
In UK skies, this positions Pluto 
at the eight o'clock position 
from the centre of the Moon. 


SATURDAY 


1 1 Comet 2AP/ 


Tsuchinshan 
can be seen passing 
M96 and M105 in Leo this 
morning. The comet is 12th 
magnitude, comparing well in 
brightness with the 11th- 
magnitude galaxies. 


MONDAY 
1) Mag. -3.8 
Venus is 
16.5 arcminutes 
from mag. -1.5 
Jupiter this morning. See them 
low in the east-southeast an hour 


before sunrise; from the centre of 
the UK the Sun rises at 07:30 UT. 


FRIDAY 


The Leonid 
meteor 
shower peaks with 

a zenithal hourly 


rate of 10 meteors per hour. 


Jupiter, Venus and a 1%-lit 
waning crescent Moon form a 
right-angled triangle as they rise 


Look an hour before sunrise. 


FRIDAY > 


Inner planet 
Mercury reaches 
greatest eastern 
elongation. 


Shining at mag. —0.2, this will be 

a difficult planet to catch as it sets 
in the southwest, shortly after the 

Sun. Its separation is 22°. 


FAMILY STARGAZING 
€) If you get up early this month you will see Mercury, 


Mars, the Moon and Venus form some amazing patterns 

in the morning sky. Check the calendar above for 
highlights and page 52 for a more in-depth description of what's 
happening. Although it does mean an early start, watching the 
planets and the Moon move relative to each other is a great way 
to identify these objects as relatively nearby and not more distant 
stars. Try drawing the patterns they form from one morning to 
the next and comparing the results — you'll see how they change. 
www.bbe.co.uk/cheebies/shows/stargazing 


between the galaxies 


above the east-southeast horizon. 


NEED TO 


KNOW 


The terms and symbols 
used in The Sky Guide 


UNIVERSAL TIME (UT) 
AND BRITISH SUMMER 
TIME (BST) 

Universal Time (UT) is the 
standard time used by 
astronomers around the 
world. British Summer 

Time (BST) is one hour 
ahead of UT. 


RA (RIGHT ASCENSION) 
AND DEC. (DECLINATION) 
These coordinates are the 
night sky’s equivalent of 
longitude and latitude, 
describing where an object 
is on the celestial ‘globe’. 


FAMILY FRIENDLY 

Objects marked with 
this icon are perfect for 
showing to children 


NAKED EYE 
© Allow 20 minutes for 
your eyes to become 
dark-adapted 


@ PHOTO OPPORTUNITY 
Use a CCD, planetary 
camera or standard DSLR 


eae} BINOCULARS 


10x50 recommended 


SMALL/ 

MEDIUM SCOPE 
Reflector/SCT under 6 inches, 
refractor under 4 inches 


LARGE SCOPE 
Reflector/SCT over 6 
inches, refractor over 4 inches 


» 4 WW bes 
Olean Wee 


GETTING STARTED 
IN ASTRONOMY 


If you’re new to astronomy, 
you'll find two essential 
reads on our website. Visit 
hitp://bit.ly/10_Lessons for 
our 10-step guide to getting 
started and http://bit.ly/ 
First Tel for advice on 
choosing a scope. 
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The three top 

THE BIG THREE? 
or image this month 


CANCER 


DON'T MISS 


"LEO MINOR 


November $5 


MA E | EC) RS ‘ Leonid radiant 
17/18 November 
20 Nov 
WHEN: Leonids 6-30 November, 
peaks on 16/17 and 17/18 November, 
meteors from 46P/Wirtanen could 


be seen between 30 November 
and 1 December 


The month of November plays 
© host to the Leonid meteor 
shower, active from 6-30 


November, with maximum rates on the 
17th. The shower is associated with comet 
55P/Temple-Tuttle and best known for its 
33-year cycle of storm activity, coinciding 
with the return of the comet. This last 
occurred in 1998, when zenithal hourly 
rates (ZHRs) of 200-300 meteors per hour a The Leonid radiant can be found within the hook of the easily recognised Sickle asterism 
were observed. Short lived bursts of 1,000- 


2,000 meteors per hour were also recorded. _ will be perfect to observe the shower. adapted. A sunlounger or reclining chair 
We're currently just over halfway The peak is predicted for 16:30 UT on makes a perfect observing platform but, 
through the next cycle, so this year’s 17 November, so the best time to watch being November, don’t forget to wrap up 
display is not expected to show enhanced _ for Leonid meteors will be on the nights warm. Aim to keep watch for periods of 
activity. The predicted ZHR is a rather of the 16/17th and 17/18th. at least 30 minutes before taking a break. 
low 10 meteors per hour. The good news To observe the shower, find a dark Leonids produce fast trails, with the 
is that the Moon — the enemy of meteor location well away from any stray lights particles that form them entering the 
observing — is in its new phase on the and allow yourself at least 20 minutes for | atmosphere at 72km/s, the fastest speed of 
18th. Weather permitting, the conditions your eyes to become properly dark any of the annual showers. This creates 


issues for photography: although bright 
events will record just as with any other 
ANDROMEDA shower, special considerations are needed 
: to catch mid-range, lower brightness trails. 
See this month’s Astrophotography 
section on page 64 for more detail. 

If the Leonids pique your interest in 
meteor observing this month, keep an eye 
out at the end of November because there 
is a small chance of activity associated 
with comet 46P/Wirtanen. If this occurs 
it’s likely to be seen between 03:00 UT on 

, 30 November and 06:00 UT on 1 December. 
PISCES eae 46P/Wirtanén radiant : If any trails appear they should be 


PEGASUS 


al hice lags : ; identifiable because of their relatively slow 
oo A — speed, especially compared to the swift 
° Leonids. Their entry speed is 14.9 km/s. 
x The radiant position is slightly northwest 
g of mag. +4.4 Delta (8) Piscium and sets 
g around 03:00 UT, so you only have a short 
< viewing window before it is too low below 
= 4 The radiant for the potential 46P/Wirtanen shower is low down in Pisces and sets quickly the horizon to produce visible meteors. 
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Morning Planets 


WHEN: 1-17 November 


Venus and Jupiter, the two 
brightest planets in the 
sky, have a spectacular 
meeting before dawn 


Comet 24P/ 
Schaumasse 


WHEN: All month, but the Moon 
interferes from 1-4 November and 
22-30 November 


COMA 
BERENICES 


Comet 24P/Schaumasse is 10th MBS @ 


magnitude and located towards 

the eastern (rear) leg of Leo at 
the start of November. It’s tracking east, 
just south of the famous Leo Triplet, 
comprised of galaxies M65, M66 and 
NGC 3628. This region of sky rises above 
the east-northeast horizon around 01:30 
UT at the start of the month, attaining 
an altitude of around 30° at 05:00 UT, 
while the sky is still astronomically dark. 

The comet is 1.5° south of the Leo Triplet 


Realm of 


? Galaxies © eo 


Porrima @ y 


The Moon and the 
planets put on a lovely 

display in the morning 
sky this month, culminating 
with a close encounter between 
Venus and Jupiter on the 13th. 

Things begin fairly quiet at 
the start of November with 
mag. +1.8 Mars, which rises 
in the east-southeast around 
04:00 UT and is best seen 
approximately one hour later. 
Mars is level with the orange, 
mag. +0.2 star Arcturus 
(Alpha (a) Bodtis), offering an 
opportunity to compare the 
planet’s hue with the star’s. 

At the beginning of the 
month, Venus rises at around 
05:30 UT. This isn’t long before 
sunrise and the gap gets 
shorter as November wears on, 
so it really pays to try and spot 
the planet earlier in the month 
so you know how to locate it 
before its encounter with 
Jupiter on the 13th. 

Venus appears to be 
approaching the Sun; Jupiter is 
travelling in the opposite 
direction, slowly separating 


M105 
*, Leo 


NGC"3628 
a] 


itself from the Sun’s glare. 
They appear to converge 
during the first half of 
November, with minimum 
separation on the 13th. On this 
date, mag. —3.8 Venus appears 
0.25° north of mag. —1.5 
Jupiter — a spectacular sight 

if you have clear skies. 

Although the separation will 
have increased to 3° on the 
morning of 16 November, the 
view is still worth getting up 
early for — do so and you'll 
see a slender (4% lit) waning 
crescent Moon hanging above 
the two planets. Look low in 
the east-northeast an hour 
before sunrise. 

On 17 November, one day 
before new Moon, an even 
thinner, 1%-lit waning 
crescent Moon can be seen 
forming a right-angled triangle 
with Venus and Jupiter. The 
Moon will appear 3° to the 
north of Venus (above and left 
as seen from the UK) on this 
date. All times are for the 
centre of the UK and may vary 
slightly away from this location. 


TNov ge Regulus 
¢e 
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e 
¢11 Nov 
SP W05 5 e 


4 Triplet 2 M96 


7p 


62P/Tsuchinshan 


o @ o 


° Zavijava 
eee 
f B ° 
/ Bowl of 
Virgo 


VIRGO 


« CRATER 


4 Comets 24P/Schaumasse and 62P/Tsuchinshan both travel through Leo and Virgo during 


on the morning of the 3rd, and remains Ue 
8 November, and both pass close to the Leo Triplet. Positions marked are for 05:00 UT 


less than 3° away from 1-5 November. It 
is just less than 1° north of mag. +4.0 
Iota (t) Leonis on 4 November, the star 
marking the joint in the Lion’s rear leg. 
On 11 November, 24P/Schaumasse is 
approximately 5° south of mag. +2.1 
Denebola (Beta (3) Leonis), though 
officially now over the border and into 


neighbouring Virgo. It subsequently 
tracks eastward through the Bowl of 
Virgo, passing through the southern 
part of the Realm of Galaxies. On 
28-29 November, the mag. +10.3 comet 
can be found to the north of mag. +3.4 
Delta (6) Virginis. 


Following behind 24P, on an almost 
parallel course (but slightly south), is 
comet 62P/Tsuchinshan. On the 11th this 
comet can be found passing between the 
galaxies M105 and M96. On the 21st it 
passes 3° south of the Leo Triplet, and 
then south of Iota Leonis on the 22nd. 
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THE NORTHERN HEMISPHERE 
IN NOVEMBER 


WHEN 10 USE THIS CHART 


KEY TO 
1 NOV AT 00:00 UT 
lei beeEe 15 NOV AT 23:00 UT 


STAR NAME 30 NOV AT 22:00 UT 


PERSEUS CONSTELLATION On other dates, stars will be in slightly different places 3 
NAME due to Earth’s orbital motion. Stars that cross the sky im. 
&m scaaxy will set in the west four minutes earlier each night. : 
Zz , 
ith OPEN CLUSTER , 
- HOW TO USE THIS CHART of «8. ‘ 
a GLOBULAR - : _ Oo » 
CLUSTER re -™ e 
p» @ 
ky PLANETARY 
NEBULA g 
Yy 
oO DIFFUSE 
NEBULOSITY 
MB ows TAR 
O VARIABLE STAR :; M44 
THE MOON, = ; 3 ; 2 
4 Branca 1. HOLD THE CHART s0 the direction you're facing 43 6 9 
is at the bottom. _© *F. 
=D COMETTRACK 2. THE LOWER HALF of the chart shows the sky 4 ° . 
S ahead of you. . , e 
=p° : 3. THE CENTRE OF THE CHART is the point j 8 
ASTEROID i = ES 
ae directly over your head. oe | 2 + 
; & 
’ STAR-HOPPING SUNRISE/SUNSET IN NOVEMBER* oe ‘9 J oy 
PATH DATE SUNRISE SUNSET & 
Pat 1 Nov 2017 07:09 UT 16:37 UT e .: @ es igs 
METEOR . ; 3 e 
yee 11 Nov 2017 07:28 UT 16:19 UT yo? / ; 1% [ : 
21 Nov 2017 = 07:46 UT 16:04 UT ‘ Ly, oO 2% ‘ 
1 Dec 2017 08:02 UT 15:55 UT Op oes . seo 
ASTERISM . : . 
MOONRISE IN NOVEMBER* 
SO. pune y MOONRISE TIMES 
©} 1 Nov 2017, 15:57 UT 17 Nov 2017, 06:04 UT 
6! QUASAR 5 Nov 2017, 17:52 UT 21 Nov 2017, 10:10 UT 
9 Nov 2017, 21:42 UT 25 Nov 2017, 12:47 UT 
STAR BRIGHTNESS: 13 Nov 2017, 01:23 UT 29 Nov 2017, 14:22 UT 
MAG. 0 *Times correct for the centre of the UK 
& BRIGHTER » NOS ) 
MAG. +1 LUNAR PHASES IN NOVEMBER E. > -° 
MAG. +2 MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY — SUNDAY hia 


MAG. +3 


MAG. +4 
& FAINTER 


COMPASS AND 
FIELD OF VIEW 


MILKY WAY 


CHART: PETE LAWRENCE 
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Pete's Virtual 
Planetarium 
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THE PLANETS 


PICO mle 


MONTH 


JUPITER 

BEST TIME TO SEE: 

30 November, 06:20 UT 

ALTITUDE: 12° 

LOCATION: Libra 

DIRECTION: Southeast 

FEATURES: Complex atmosphere, 
Great Red Spot, Galilean moons 
EQUIPMENT: 2.5-inch or larger scope 


Jupiter is slowly emerging back into the 
morning sky this month. It’s a bit too low 
for serious observation, but towards the 
end of November a small scope will be 
able to show you the planet’s main 
characteristics. These include its oblate 
appearance, a physical effect caused by 
the gas giant’s rapid (less than 10-hour) 
rotation period. 
Jupiter’s atmosphere is complex 
and contains much detail. 
When it’s low in the sky 
or some way off from 
opposition, this 
detail is harder to 
see than when the 
planet is optimally 
placed. Larger 
features such as the 
impressive Great 
Red Spot can still be 
seen even under less 
o than ideal conditions; 
ss we would recommend using 
& a 6-inch or larger scope to get 
% a reasonable view of this 
& persistent storm. 


THE PLANETS IN NOVEMBER 


VENUS 
15 Nov 

MERCURY 

1Nov 

MERCURY 

15 Nov 

MERCURY 

30 Nov 
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4 The Great Red Spot 
is Jupiter’s most famous 
feature and an easy target November, appearing as 


Conjunction 


Moon 13 Nov 
17Nov( 
x 


4 Venus passes Jupiter on the morning of 13 November; star positions are correct for 06:50 UT 


There’s an impressive 
meeting between mag. 


-1.7 Jupiter and mag. 


~3.8 Venus on the 
morning of 13 
November. On 
this date the two 
planets will 
appear to be 
separated by just 
16 arcminutes, or 
half the apparent 


diameter of the Moon. 


Speaking of the Moon, it 
will form a triangle with 
Jupiter and Venus on 17 


MARS 
15 Nov 


JUPITER 
15 Nov 


Cs 


<4 


a very slender, 1%-lit waning crescent. All 
three of them should be visible around 
06:30 UT, low in the east-southeast. 
Jupiter has a large family of nearly 
70 moons, but most are beyond the 
range of amateur equipment. Four 
exceptions are the so-called Galilean 
satellites, which are easy small telescope 
targets and can even be seen with 
binoculars as long as you have a 
very steady hand. 
At the start of the month Jupiter presents 
a disc measuring 30.6 arcseconds across, 
increasing slightly to 31.3 arcseconds as 
November draws to a close. By the end of 
the month, Jupiter rises two and a half 
hours before the Sun. 


The phase and relative sizes of the planets this month. Each planet is 
shown with south at the top, to show its orientation through a telescope 


URANUS NEPTUNE 
15 Nov 15 Nov 


SATURN 
15 Nov 
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JUPITER'S 
MOONS 


NOVEMBER 


Using a small scope you'll be able to spot Jupiter’s biggest moons. 
Their positions change dramatically during the month, as shown on 
the diagram. The line by each date on the left represents 00:00 UT. 


DATE 


co AN O UU BF WO ND 


MERCURY 

BEST TIME TO SEE: 

26 November, 16:30 UT 
ALTITUDE: 3° (low) 
LOCATION: Ophiuchus 
DIRECTION: Southwest 
Mercury is poorly positioned 
for much of November, being 
low in the southwest after sunset. 
On the 20th, when Mercury is 
mag. —0.3 and sets 50 minutes 
after the Sun, it’s joined by a 
slender, 4%-lit waxing crescent 
Moon, 6.3° directly above it. 
Saturn is also close, 7.3° above 
and left of the innermost planet. 
Mercury’s visibility slightly 
improves towards the end of 
the month, reaching its greatest 
eastern elongation (22° from the 
Sun) on the 23rd. On the 30th, 
Mercury is mag. +0.1 and 
appears 2.9° south of Saturn. 


VENUS 

BEST TIME TO SEE: 

13 November, from 06:45 UT 
ALTITUDE: 4.5° (low) 
LOCATION: Virgo 
DIRECTION: East-southeast 
Venus is a morning object and 
rises approximately 90 minutes 
before the Sun, shortening to 
only an hour before sunrise at 
month end. It is 3.5° from mag. 
+1.0 Spica (Alpha (a) Virginis) 
on 3 November and just 

16 arcminutes from mag. —1.5 
Jupiter on the 13th. At the start 
of November, Venus shows a 
10.4 arcsecond, 96%-lit disc 
through a telescope; at month 
end the disc is 9.8 arcseconds 
across but virtually full. 


MARS 

BEST TIME TO SEE: 

30 November, from 05:00 UT 
ALTITUDE: 11° 

LOCATION: Virgo 
DIRECTION: East-southeast 
Mars is a morning object, 
remaining low as the dawn 
twilight begins to show. On 30 
November it appears 3° north 
of mag. +1.0 Spica (Alpha (a) 
Virginis); look for the colour 
difference between white Spica 
and salmon-pink Mars. Through 
a scope Mars remains stubbornly 


NOVEMBER 5/ 


of 4 arcseconds. It’s also fairly 
dim at mag. +1.7. There’s a close 
meeting of Mars and a 9%-lit 
waning crescent Moon on the 
15th. They'll appear 3° apart, 
visible low in the east-southeast 
before the dawn twilight begins. 


SATURN 

BEST TIME TO SEE: 

1 November, from 18:00 UT 
ALTITUDE: 6° (low) 
LOCATION: Ophiuchus 
DIRECTION: Southwest 
Saturn is a difficult evening 
object, visible a short while 
after sunset. Too low for serious 
telescopic observation, it forms 
an attractive naked-eye pairing 
with the waxing crescent Moon 
on the evenings of 20 and 21 
November. Mercury is close 
from the 24th. Saturn crosses 
the border from Ophiuchus 
into Sagittarius on the 19th. 


URANUS 

BEST TIME TO SEE: 

1 November, 23:00 UT 
ALTITUDE: 46° 

LOCATION: Pisces 
DIRECTION: South 

Uranus is well placed in Pisces 
all month. A small scope will 
show its greenish, 3.7-arcsecond 
disc. If you have a dark sky, it 
should be possible to spot mag. 
+5.7 Uranus with the naked 
eye. By the end of the month 
the planet reaches its highest 
point due south at 21:00 UT. 


NEPTUNE 

BEST TIME TO SEE: 

1 November, 20:20 UT 
ALTITUDE: 29° 

LOCATION: Aquarius 
DIRECTION: South 

Neptune is an evening object 
and well positioned all month. 
At mag. +7.9, you'll need at least 
binoculars to spot it close to 
mag. +3.7 Lambda (A) Aquarii. 
On the 22nd, it reaches a 
stationary point, where its 
apparent westward motion 
against the background stars 
comes to a halt. After this 

date it appears to move east. 

A telescope is needed to show 
its blue, 2.3-arcsecond disc. 


876543210312345678 small, with an apparent diameter 
arcminutes 
© Jupiter @lo @Evropa @Ganymede @ Callisto YOUR BONUS CONTENT > Planetary observing forms 
UpI 
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TYPE: Crater 

SIZE: Approximately 43km 
LONGITUDE/LATITUDE: 
23.6°E, 15.4°N 

AGE: 1.1-3.2 billion 
years old 

BEST TIME TO SEE: Five 
days after new Moon 
(23-25 November) or 
four days after full Moon 
(8-9 November) 
MINIMUM EQUIPMENT: 
2-inch refractor 


Crater Plinius is only 43km 
across but makes up for lack of 
size with its superb location, 
close to the distinctive boundary 
between the Mare Serenitatis 
and the Mare Tranquillitatis. It 
lies just to the southeast of the 
easy-to-recognise pointed southern 
boundary edge of Serenitatis. 
This area is marked by a feature 
known as Promontorium 
Archerusia, which is on the 
eastern extremity of the Montes 
Haemus mountain range and 
rises to a height of 1.5km. 

The crater’s prominence 
amidst the flat lava of the 
northern Tranquillitatis is 
heightened by its steep outer 


MARE SERENITATIS 


End 
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walls, the crater having a depth 
of 3km relative to the surrounding 
lunar surface. The sharply 
defined rim is surrounded by 
rough ejecta and overall Plinius 
bears a resemblance to the ray 
crater Copernicus — albeit 
without the rays. The surrounding 
ejecta appears roughest to the 
west as it reaches towards 
Promontorium Archerusia; as 
ever, oblique lighting will help 
reveal the complexity. A 15km- 
wide ‘blob’ of ejecta off to the 
west leads a small curve of similar 
but smaller peaks, with a small 
3.5km craterlet just to the north. 
The inner floor of Plinius is 
rough to the west and relatively 


DORSUM NICOL 
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flat to the east. The centre is 
marked by a central peak 
around 900m in height and, 
together with the rougher hilly 
terrain covering the western 
floor, appears quite bright when 
fully lit. Two additional peaks 
lie close to the central one, 
positioned northwest and 
southwest. There’s a fourth peak 
of approximately 700m at the 
base of the steep northwest rim. 
To the north of Plinius are a 
couple of distinctive surface 
grooves (rilles), which run ina 
west-east orientation. These are 
known as the Rimae Plinius 
and should be visible with 
4-inch or larger instruments. 
The rilles appear to stretch 
from the Promontorium 
Archerusia towards crater Dawes 
(18km) to the east. Another 
rille, somewhat narrower, starts 
north of Promontorium 
Archerusia and runs in a roughly 
parallel direction to the others. 
Its deepest and most obvious 
section lies north of Plinius. It’s 
here that the rille appears to 


clip the rim of faint ghost crater 
Brackett (8km), definitely a 
feature best seen when the 
Sun’s illumination is coming in 
at a shallow angle. Oblique 
illumination will also reveal 
the presence of a couple of 
wrinkle ridges to the north of 
Plinius, running north-south 
and enclosing Brackett. The most 
prominent western ridge is 
officially named as Dorsum Nicol. 
One of the most striking 
characteristics of the region 
just to the north of Plinius (and 
again running more-or-less in 
parallel with the Rimae Plinius) 
is the transitionary band 
between Tranquillitatis and 
Serenitatis. The older, titanium- 
rich lava that fills Tranquillitatis 
appears overlaid by the younger, 
titanium-poor lava in Serenitatis. 
The lighter material appears 
almost like a pool surrounded 
by a dark outer edge. This is 
fairly easy to see during the 
Moon’s fuller phases and can 
be traced around almost the 
entire periphery of Serenitatis. 


“Plinius resembles the ray 
crater Copernicus — albeit 
without the rays” 


BRACKETT 


RIMAE PLINIUS 
See eee 


PLINIUS 


Mare Tranquillitatis, its steep 
walls looming large over 
the flat lava plai 
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COMETS AND ASTEROIDS 


The regularly recorded comet 24P/Schaumasse is making a decent perihelion pass 
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4 Comet 24P/Schaumasse’s daily positions in the second half of 
November, marked for 05:00 UT. This part of the track represents 
the best time to observe the comet without moonlight interference 


Comet 24P/Schaumasse is a 
periodic comet with an orbital 
period of 8.247 years. During 
November it can be found in 
the morning sky not too far 
from another comet, 12th- 
magnitude 62P/Tsuchinshan. 


24P/Schaumasse is expected to 
remain at mag. +10.3 all month, 
making it an ideal telescopic 
and photographic target. On 
the morning of 3 November, 
the comet is located 1.5° south 
of the Leo Triplet of galaxies, 


STAR OF 3a 


THE MONTH 


Almach — the wild 
cat of Andromeda 


but the presence of the full 
Moon will reduce the quality 
of this scene. The comet 
reaches perihelion on 

16 November when it will be 
1.2 AU from the Sun. 

General tracks for 24P/ 
Schaumasse and 62P/Tsuchinshan 
can be found in this month’s 
Big Three, while the one here 
shows a more detailed path for 
24P/Schaumasse covering the 
period when the Moon is out of 
the way. Over this period it 
passes through the southern 
region of the Realm of Galaxies 
in Virgo, providing further 
opportunities for astro imagers. 

24P/Schaumasse was 
discovered at 12th magnitude 
on 1 December 1911 by 
Alexandre Schaumasse. It was 
further observed in 1919 and 
1927, but missed on its 1935 
return. Two years later, a 0.37 
AU pass of Jupiter led to a 
slight increase in the comet’s 
orbital period, making it tricky 


* ANDROMEDA‘* ae 


to recover on its 1943 return. 
When finally located in 1944 it 
was 7° off its predicted position. 
The reason was later discovered 
to be due to acceleration caused 
by one or more jets outgassing 
from the comet’s nucleus. 
During the 1951/52 return 
the comet almost reached 
naked-eye visibility (mag. +6.0) 
and presented a coma two- 
thirds the apparent size of the 
full Moon. It made a dimmer 
return in 1960, and eluded 
detection in 1968 and 1976. 
A successful recovery in 1984 
was followed by good returns 
in 1993 and 2001. In 2009 the 
comet lay on the opposite side 
of the Sun during perihelion but 
the return was notable because 
of it passing within 0.02 AU 
(approximately 3 million km) 
of dwarf planet Ceres in 2010. 
This year’s perihelion return 
is well placed, offering a great 
opportunity to catch this 
regular Solar System visitor. 


Almach (Gamma (y) Andromedae) sits at the 
eastern end of the wedge-shaped constellation 
of Andromeda. Much like Albireo in Cygnus, 
Almach’s component stars offer a spectacular 
yellow-blue colour contrast. The primary, Gamma! 
(y') Andromedae, is a giant star nearing the 
end of its life, estimated to be 80 times larger 
than the Sun and 2,000 times more luminous. 
At 350 lightyears away, we see Gamma! 
shining at mag. +2.3. Its companion, Gamma? 
(y?) Andromedae, is mag. +4.9 and appears 
9.6 arcseconds from the primary. Consequently, 
it’s pretty straightforward to split Almach 
even with a small scope. 

We'd recommend using an eyepiece that 
gives a power of around 50-75x to start, but 
don't be afraid to increase magnification to a 
level that gives you a more pleasing view. 
Colour contrast makes Gamma? look bluish in 
colour. As is often the case with binary stars, 
there's more here than at first meets the eye. 
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A The name Almach (sometimes Almaak) translates as ‘the caracal’, a Middle-Eastern wild cat 


Gamma? is itself a close binary of mag. +5.1 
and +6.3 stars separated by an average of 0.3 
areseconds and with an orbital period of 63.7 
years. The orbit is highly elliptical, with extremes 
of physical separation ranging from 13 to 52 AU, 
the average distance being 33 AU. The brighter 
component of the Gamma? pair also turns out 


to be a spectroscopic binary, with 
components orbiting one another every 
2.67 days. What originally looked like a 
beautifully coloured binary system is now 
at least a quadruple. The combined 
magnitudes of the system present us with 
a naked-eye star of mag. +2.1. 
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60 NOVEMBER 
STEPHEN TONKIN’S 


BINOCULAR TOUR 


November brings two sparkling kites, a 
heart's heart and a flexing bodybuilder 


M Tick the box when you've seen each one 


1KEMBLE’S KITE 


The Franciscan friar Lucian Kemble was a 

prolific observer with his 7x35 binoculars. 
This month, we start with two of his objects, the 
first of which is his Kite. Take a line from mag. +3.4 
Segin (Epsilon (¢) Cassiopeiae) through mag. 
+6.8 lota (1) Cassiopeiae and extend it another 
7° to V805 Cassiopeiae, a semi-regular variable 
(mag. +6.3 to +6.5) that looks yellow-orange 
in binoculars. It is the brightest in a 1.5°-long 
asterism of 10 stars of mag. +8.5 and brighter. 
The asterism takes the form of a diamond kite with 
an easy double star at its northern tip and its 
tail extending south towards Perseus. L] SEEN IT 


2 KEMBLE’S CASCADE 


Imagine a line from mag. +2.3 Caph (Beta 

(8) Cassiopeiae) to Segin, and extend it for 
the same distance into Camelopardalis, where 
you will find a 2.5° line of 15 8th-magnitude stars 
with a brighter (5th magnitude) one in the middle. 
To get the full effect at this time of year, observe 
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it early in the evening so you can imagine it as 
a vertical ribbon waterfall with a splash pool, 
NGC 1502, at the bottom. 1 SEEN IT 


3 MELOTTE 15 


Melotte 15 is the third apex of a triangle 

with Segin and lota Cassiopeiae. You 
should be able to resolve eight or so stars from 
its bright and large (20 arcminute) glow. Even 
averted vision teases only a few more of the 40 
or so fainter stars into visibility. Unless you have 
exceptional skies and a UHC filter to put over 
an eyepiece, do not expect to see any of the 
surrounding Heart Nebula. [] SEEN IT 


4 THE DOUBLE CLUSTER 


To find our next target, imagine a line 

from mag. +3.8 Miram (Eta (n) Persei) to 
mag. +2.7 Ruchbah (Delta (8) Cassiopeiae). Just 
south of this line, about 4.5° from Miram, you 
will find a close pair of open clusters, NGC 869 
and NGC 884. Although they can be seen with 
the naked eye, you really need a pair of 15x70s 
to tease out their qualities: larger binoculars 


reveal the varying colours and brightnesses of 
the stars, and they give the clusters a 3D 
appearance. Those stars are intrinsically very 
bright: if our Sun was there, it would be too 
faint to be seen in these binoculars. [1 SEEN IT 


5 THE MUSCLEMAN 


If you look at the part of the Double 

Cluster that is nearest to Cassiopeia, you 
will see a curved, 2° chain of 8th-magnitude 
stars leading to the north. They guide you to 
Stock 2, the Muscleman Cluster. This large, faint 
cluster gets its name from the sparse pattern of its 
brighter stars, which have the form of a stick man 
flexing his biceps and apparently keeping the 
Double Cluster on a leash. This is purely a line- 
of-sight phenomenon. The Muscleman is only 
1,050 lightyears away, a mere 15 per cent of 
the distance to the Double Cluster. [1 SEEN IT 


6 THE QUEEN'S KITE 


We finish this month’s tour as we began, 

with a kite asterism. Return to Ruchbah as 
a starting point and locate mag. +4.7 Chi (x) 
Cassiopeiae 1.5° to the southeast. Continue for 
0.75° to reach a mag. +7.3 star that is central 
to an irregular pentagon of stars, of which Chi 
Cassiopeiae is the brightest. Trailing south from 
the most easterly star of the pentagon is a 1.5° 
tail. One thing that makes this asterism particularly 
pretty is the varied colours of the stars. The two 
brighter, ‘wing tip’ stars are yellow, whilst all the 
fainter ones are brilliant white. C1 SEEN IT 
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THE SKY GUIDE CHALLENGE 


Discover the tiny planetary nebula that hides within globular cluster M15 in Pegasus 


1 arcminute 


4 Use the labelled stars to navigate from the trapezium of stars in the outer reaches of M15 to the elongated form of Pease 1 near the centre 


This month we’re looking for a 
deep-sky object that physically 
exists within another, the 
planetary nebula Pease 1. It’s 
located inside globular cluster 
M15 in Pegasus and is regarded 
as a tough challenge both 
visually and photographically. 

M15 itself is easy to find. 
First locate the squat, 
downward-pointing isosceles 
triangle that represents the 
head of Pegasus, southwest 
of the famous Great Square 
asterism. Draw a line from 
the southern star, mag. +3.5 
Baham (Theta (8) Pegasi), 
through mag. +2.4 Enif 
(Epsilon (¢) Pegasi), and keep 
going northwest for half that 
distance again to reach M15. 
You can confirm its identity 
by checking for the 6th- 
magnitude star HIP 106243, 

17 arcminutes to the east. 

M15 is a fine-looking 
globular through any telescope, 
but to stand a chance of seeing 
Pease 1 visually we'd recommend 
you use an instrument with an 
aperture of at least 12 inches, 
and preferably add an OIII 
filter. Smaller instruments 


should pick up the planetary 
nebula photographically, as 
long as you use an appropriate 
exposure and image scale. 
Expose for too long and Pease 1 
will be lost in a burnt out core. 
Use too small an image scale 
and you'll fail to resolve the 
myriad cluster stars needed 


to locate it in the frame. 


Once you've got a decent 
fix on M15, use a low power 


to show the globular and 


. . PEGASUS 


? . 


neighbouring star HIP 106243 
in the same field of view. 

Then identify mag. +7.6 

HIP 106157, which sits 

6 arcminutes north-northeast 
of the core. Imagine a line 
from HIP 106157 to the centre 
of M15. Extend another line 
for one quarter of this distance 
to the west from the core’s 
centre to locate the distinctive 
trapezium pattern indicated in 
the image above. 
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4 The first step in hunting down Pease 1 is to locate M15, the globular 
it resides in. Use the two nearby HIP stars to guide you 


Identify the two northern 
trapezium stars, labelled A and 
B, extending their line through 
star C for a little over 1.5 times 
the A-C distance. This brings 
you to the north-south aligned 
pair marked as D and E. Next, 
identify star F, which is just 
south of C. Imagine where a 
line extended from A through 
F would eventually meet one 
extended from D through E. 

The indistinct ‘clump’ of 
stars you arrive at contains 
Pease 1 as the slightly elongated 
object in the northeast corner 
of this group. Can't see 
anything? Well this isn’t totally 
surprising as Pease 1 has a 
diameter of just 1 arcsecond 
— the same apparent diameter 
as the Galilean moon Io! The 
use of an OIII filter can help 
to make this tiny planetary 
more obvious and a high 
power is essential. Being 
just 25 arcseconds from the 
centre of M15, imaging it best 
suits a planetary setup, 
an area where the latest 
generation of deep-sky 
capable high frame rate 
devices are very capable. 
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DEEP-SKY 


TOUR 


This month we examine the 
realms of northern Cygnus 
and eastern Lacerta 


lM Tick the box when you've seen each one 


1M39 


M33 is a large, loose open cluster 

in northern Cygnus. It’s described as 
easy to locate, being 9° east and a bit north 
of mag. +1.3 Deneb (Alpha (a) Cygni), but it 
can prove challenging to spot. Although 
it is visible to the naked eye at mag. +4.6, 
it sits against a star-rich Milky Way backdrop 
in which it’s easily lost. Imagine it as the 
point of a squat, almost isosceles triangle 
formed with mag. +4.0 Rho (p) and mag. 
+4.2 Pi? (x2) Cygni. Using a low power, 
the 30 or so stars in the cluster stand out 
reasonably well, covering an area 
measuring 32 arcminutes across. The 
cluster is 825 lightyears away, estimated 
to be 230-300 million years old and seven 
lightyears across. F] SEEN IT 


2 IC 5146 
Qo A busy background and lack of 
definitive pointers also make 


finding our next target, the 10th-magnitude 
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diffuse nebula IC 5146, rather challenging. 
Also designated as Sharpless 2-125 and 
better known as the Cocoon Nebula, it 

lies 3.7° and slightly south of M39. The 

IC designation refers to the cluster related 
to the nebula. Photographs show the 
nebula as a circular object with a beautiful, 
deep red-purple colour. Through the 
eyepiece, the experience is somewhat 
different, the Cocoon presenting as a faint, 
round glow 11 arcminutes across. A more 
obvious visual complement is neighbouring 
B168, a dark nebula that appears to reach 
out and engulf the Cocoon. A UHC or 
hydrogen-beta filter will improve contrast 
when observing the nebula. [1 SEEN IT 


3 NGC 7209 
) We hop into Lacerta for our 


next target, open cluster 

NGC 7209, which can be found a little 
over 2° east and slightly south of the 
Cocoon Nebula. The dark nebula B168, 
adjacent to the Cocoon, points in NGC 
7209's direction. A 6-inch scope shows 
around 40 stars spread across a 
20-arcminute area. Many of these stars 

are hot and blue, contrasting with a rather 
lovely pair of red carbon stars at the centre 
of the cluster. Not all of the stars visible here 
belong to NGC 7209; some are simply 
line-of-sight additions. In total, the mag. +7.7 
cluster contains 100 stars, 75 of which can 
be seen with a 10-inch telescope. 1 SEEN IT 


A NGC 7243 


Ss) We're staying in Lacerta for 


our next target, which rests 
approximately three-fifths of the way from 


< The Cocoon Nebula, 
plus dark nebula B168 
trailing behind it 


THIS DEEP-SKY TOUR 
HAS BEEN AUTOMATED 


ASCOM-enabled Go-To 


mounts can now take you to 


this month's targets at the 
touch of a button, with our 
Deep-Sky Tour file for the 
EQTOUR app. Find it online. 


NGC 7209 towards mag. +4.4 Beta (f) 
Lacertae, the star that marks the left end 
of a distinctive Mini W asterism. At mag. 
+6.4 the cluster stands out well, showing 
around 40 member stars through a 6-inch 
telescope. A wide, low-power view shows 
the cluster stars forming a distinctive 
arrowhead pattern, pointing towards the 
northeast. There is also an impressive 
curve of more than 20 stars, arranged 

as a parabola. This becomes more evident 
with increased aperture. NGC 7243 
contains mainly white and blue stars, and 
is estimated to be 2,800 lightyears away. 
It’s a relatively young cluster, at only 

100 million years old. F1 SEEN IT 


5 IC 5217 


Our penultimate target is the 

planetary nebula IC 5217. At mag. 
+12.6 this is a relatively faint object, but 
it does have the virtue of being easy to 
find, located two-fifths of the way along 
an imaginary line between Beta Lacertae 
and the mag. +4.5 star 4 Lacertae. It’s 
easy to overlook, lying 1.9 arcminutes 
to the north of a mag. +11.5 star. A mid- 
to high-magnification is required to show 
any structure. With a 10-inch or larger 
telescope at 200x magnification, the nebula 
has a definite north-south elongation to 
it, A 12-inch scope at 350x magnification 
will show the nebula’s bright core and 
give a hint of its green or possibly blue- 
grey colour. 11 SEEN IT 


6 ME 2-2 


Our final target this month is another 

planetary nebula, Me 2-2. This is 
something of a challenging object as it is 
very small, measuring just 1 arcsecond 
across. Consequently, it’s best suited for 
high-power viewing. It shines at mag. 
+11.5 and so isn’t particular hard to see. 
However, at low magnifications it looks 
just like a star and is easily overlooked. 
It lies 24 acrminutes east of mag. +4.3 
5 Lacertae, in the Mini W. We'd 
recommend a magnification of around 
A00x to banish the nebula’s stellar 
appearance, and adding an Olll filter will 
help it stand out from its surrounding star 
field much better. 1 SEEN IT 


Print out this chart and take an 


automated Go-To tour 
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PETE LAWRENCE 


PIUCTURES 
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Photographing meteors is both exciting 
and frustrating. For the maximum 
excitement (and frustration), set your 
camera pointing in a certain direction 
and observe the sky at the same time. 
Those trails you could have sworn had 
passed through your camera’s field of 
view typically will either miss or clip the 
edge of the frame. The ones that do occur 
in frame give you that tantalising feeling 
that you’ve finally managed to catch one 
on chip. However, this feeling can be short- 
lived when you realise that what appeared 
to be a good visual meteor appears as little 
more than a faint line on the final image. 
The truth of the matter is that, for 
a meteor to record properly, the trail 
captured has to be pretty bright. For a real 
humdinger of a meteor photo, the original 
trail has to be nothing short of dazzling. 
Different showers have different trail 
speeds. The Geminids in December, for 
example, come in at a speed of 35km/s. 
hat’s half the speed of this month’s 
71km/s Leonids. The light from a fast, 
faint to medium-brightness trail doesn’t 
stay on chip long enough to record as 
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Meteors from different 
showers travel at different 
speeds; Leonid meteors are 
the fastest, which adds to the 
challenge of imaging them 


well as that from a slow trail. The swift 
Leonid trails also need to be brighter so 
that they record properly using the 
settings you'd normally use for the 
Perseids or the Geminids. 

A camera’s ISO setting controls how 
much amplification gain is applied to the 
image data recorded by the camera 
sensor. Although it appears that you’ve 
made the camera more sensitive by 
increasing ISO, what you've effectively 
done is instructed the camera to stretch 
the image data to reveal fainter signals. 
As a by-product of this process any noise 
present is stretched as well. Consequently, 
high ISO images appear noisier than 
those taken on a lower setting because 
they have a lower signal-to-noise ratio. 

So, the options are to try and capture 
a trail at high ISO or to take images at 
lower ISO and stretch them manually, 
effectively emulating the amplification of 
the higher ISO setting. It has to be said 
that the convenience of high ISO when 


ie) ASTROPHOTOGRAPHY 


How to catch swift Leonid 
RECOMMENDED EQUIPMENT 


DSLR with shutter release cable, fast lens with a focal length of around 
20-40mm, tripod or tracking mount 


meteor trails 


taking lots of images throughout a meteor 
shower tends to favour this route because 
it requires far less work. It should be 
noted that another side effect of using 
high ISO is a reduced tonal range. 

Armed with the decision to go the high 
ISO route, the usual setup requirements 
apply. A medium-wide lens with a focal 
length of around 20-40mm is ideal, but 
either side of this value will work too. 
The wider the view, the less impressive 
most trails will appear, but the narrower 
the view, the fewer trails you're likely to 
catch. A fast lens is recommended and 
this is indicated by the lowest f/number 
your lens can achieve. Anything faster 
than f/2.8 is ideal. 

Light background skies will quickly 
oversaturate highly sensitive sensors 
using fast lenses. This means that the 
high ISO strategy needs to be balanced 
out by using shorter exposures than normal. 
Meteor exposures using digital cameras 
are normally in the 30- to 60-second 
range, but shorter values are quite acceptable. 
Bear in mind that your camera will 
require time to read off the data from its 
sensor and store it on the camera’s storage 
card. As the exposure time decreases, so 
this read time becomes more significant. 
In the extreme, if the read time was one 
second and you were using one-second 
exposures, your camera would only be 
exposing for 50 per cent of the time. Short 
exposures also increase the chance of 
cutting a meteor trail off mid-streak. 


KEY TECHNIQUE 


COPING WITH FAST TRAILS 

We've covered meteor photography 
many times in the past, but where the 
Leonids are concerned, the skills bar has 
to be raised that bit higher. This is because 
Leonid meteors have the fastest atmospheric 


entry speed of all the annual showers at 
71km/s. As a result, Leonid trails are swift 
and over literally in a flash. A bright 
Leonid will record on a camera chip just 
like it would with any other shower, but 
the ones of middling brightness are far 
harder to catch. Here, a balance must 

be found with the camera settings and 

the use of medium-high gain. 


4 Send your image to: hotshots@skyatnightmagazine.com 
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Mirrorless interchangeable lens cameras (MILCs) and DSLRs are ideal 
for meteor photography as they offer manual settings and multi-second 
exposure capability. A fast lens with a focal length of 20-40mm is 
recommended, but this is a guide rather than a hard and fast rule. 

A driven star-tracking mount can be used, but a static tripod is fine too. 
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STEP 2 

The lens should be set to manual focus. Set its internal aperture wide 
open by selecting the lowest f/number. Some lenses may produce 
distortions at the edge of frame when fully open. Closing the aperture 
by a stop or two will normally cure this, but will also reduce the amount 
of light entering the lens, reducing the camera's sensitivity to trails. 


Be 


A remote shutter release is essential, and its sophistication dictates which 
camera mode you should use. For simple remotes, set the camera to 
manual and continuous shutter operation, using a 30-second exposure 
as a starting point. For programmable remotes or external PC connections, 
use bulb mode, with exposure and shutter repeat controlled remotely. 


STEP 5 


Check the image isn’t oversaturated by light pollution. If it is, reduce 
the exposure. If exposures start to get as short as 10 seconds, consider 
reducing the ISO. Point the camera at an altitude of 60° in any 
direction. Including the radiant will show how perspective makes 

the trails converge to an area in the Sickle asterism in Leo. 


STEP 4 

Set the camera’s ISO to 50-75 per cent of its maximum. Pre-focus 

at infinity. If your camera has live view, zoom in on a star to do this. 
Use a large capacity memory card, and ideally keep a spare on hand. 
The RAW (or RAW+ipg) format gives the best results but increases the 
read gap between shots. Take a test exposure and examine. 


STEP 6 


Set the exposures off. Check every 30 minutes for storage capacity, 
battery and lens dew state, changing battery and storage as required. 
Lens moisture can be removed using a 12V camping hair dryer. A dew 
heater band is also a good way to prevent moisture formation. When 
finished, download images to a computer and check for trails. 


skyatnightmagazine.com 2017 


ast. 


IX 


Eddington Lodge 


The Widescreen Centre 93 Ps 
Pree er 


Adventurer 
Ask AboutOur® 


Courses & Events 
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THE RISE AND FALL | 
OF THE 


Fifty years ago 
this month the 
mighty rocket 

launched for the 
first time, writes 
Ben Evans 


n 9 November 1967, veteran journalist 
Walter Cronkite struggled to make 
himself heard as the first Saturn V 
unleashed a raging torrent of flame 
and ponderously took flight for the Apollo 4 
mission. Its raw, naked power was unmistakable. 
“The building’s shaking,” he intoned. “This big 
blast window is shaking. We’re holding it with 
our hands. Oh, the roar is terrific! Part of our 
roof has come in here.” His usual calmness and 
poise were momentarily lost, as his gruff voice 
notched up an octave to overcome the din. For 
on that day, Cronkite and the people of Florida 
were left wondering if a rocket had risen or 
the Earth had sunk. 

Flown 13 times between that winter’s morning, 
50 years ago, and its final mission in May 1973, 
the Saturn V retains a mystique as the largest and 
most powerful rocket ever brought to operational 
status. Standing 110.6m tall — fractionally shorter 
than St Paul’s Cathedral — it carried five F-1 
engines on its first stage, five J-2 engines on its 
second stage and a single J-2 on its third stage. 

As high as a two-storey house, the F-1 remains 
the largest and most powerful single-chambered 
liquid-fuelled rocket engine ever developed, whilst 
the J-2 would fire twice to deliver astronauts int 


atte 


As Apollo 4 roars into the sky (above) Walter 
Cronkite (left) tries to compose himself long 
enough to deliver his commentary 


NASA, CBS NEWS 
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GRANGER HISTORICAL PICTURE ARCHIVE/ALAMY STOCK PHOTO, NASA/MSFC, NASA X 4, SPACE X, 


ISTOCK, EBSO8/WIKIPEDIA, SLS AND SATURN V ILLUSTRATIONS BY PAUL WOOTTON 
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4 Space was tight in the command module at the top of the Saturn V - but that didn’t 
stop astronauts being thrown back and forth during as they left Earth’s atmosphere 


> low-Earth orbit and onward to the Moon. Half the 
size of its big brother, the J-2 was America’s largest 
hydrogen-powered engine until the development 
of the Space Shuttle’s RS-25. It was also one of few 
engines of this period that could be ‘restarted’ in space. 
Eighty-nine truckloads of liquid oxygen, 
28 truckloads of liquid hydrogen and 27 railcars 
of kerosene were needed to power each launch. That 
vast figure was not lost on transatlantic aviation 
pioneer Charles Lindbergh, who met the Apollo 8 
crew in December 1968, just before Frank Borman, 
Jim Lovell and Bill Anders became the Saturn V’s 
first human passengers. When Borman revealed 
that his rocket gorged 18,000kg of fuel every second, 
Lindbergh was astounded. “In the first second of 
your flight,” he breathed, “you’ll burn 10 times 
more fuel than I did, all the way to Paris!” 
Apollo 8 was humanity’s first piloted voyage 
to orbit the Moon, but the Saturn V’s previous 
unmanned flights saw mixed results. Though 
Apollo 4 went smoothly, when Apollo 6 launched 
in April 1968 the F-1 engines suffered thrust 
fluctuations and the rocket ‘bounced’ violently, 
like a pogo stick. Matters worsened when two 
second-stage engines shut down early. Then, after 
attaining a lopsided orbit, the third stage failed to 
restart for its second firing. If astronauts had been 
aboard, their mission would have been aborted. 


Eleven seconds to lift off 

Between December 1968 and December 1972, 10 
Apollo crews rode this beast into space. Four men 
braved it twice. At lift off, the Saturn V pummelled 
the Earth with 3.4 million kg of thrust — equivalent 
to 160 million horsepower — and took 11 seconds to 
lumber clear of the launchpad. 

Under the harsh guttural growl of the first stage, 
the astronauts breathing laboured under forces of 
4.5G. They were thrown against their harnesses as 
the first stage was jettisoned, then rammed back 
into their seats when the second stage ignited three 
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4 Saturn V's first stage 
separates from the rest of 
the rocket. This moment 
saw the astronauts flung 
forward violently 


4 Lightning struck the 
Saturn V during the lift 
off of Apollo 12 and then 
struck the mobile launch 
platform (shown here) 


> The crippled Skylab in 
orbit — one solar wing is 
jammed, the other is 
missing, and the Sun 
shade has been ripped off 


4 The F-1 is the largest and most powerful single- 
chambered rocket engine; each Saturn V had five of them 


minutes into flight. One astronaut compared it 
to sitting on a giant compressed spring. At nine 
minutes, the second stage was discarded and the 
crisp, rattling third stage took over. And when its 
engine fell silent, 96 per cent of the Saturn V’s 
launch weight was gone and the crew was 
moving at 37,300km per hour, faster than 

any humans ever before. 

However, these launches were not without their 
share of drama. Apollo 10 suffered severe ‘pogo’ 
oscillations, thanks to a metal bar fitted behind the 
astronauts’ seats, whilst Apollo 12 flew into stormy 
skies and was twice struck by lightning. This turned 
the rocket into the world’s longest lightning rod, 
opening a 2,000m electrical path from the engines 
to the ground. One of Apollo 13’s J-2 engines shut 
down too soon, and on Apollo 15 the first and 
second stages came within a whisker of collision. 
Then, on the Saturn V’s final launch, which would 
put the Skylab space station into orbit, vibrations 
during the launch ripped off shielding and 
a solar array, crippling the station. 

The rocket was charged with meeting President John 
Kennedy’s goal of landing a man on the Moon, but > 
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Stacked up 
against the 


SATU RN 


stax four more Mol feet - _ ahs | 
future — measure up to the towering Saturn _V. 


OMAPdH OMNA-Z 


i ec 


Space Shuttle Falcon Heavy Space Launch N-1 Saturn V 


— Payload Payload System (SLS) * Payload — Payload 
———— capability SPACE} capability a— Payload Q capability ——— capability 
7 500kG 63,800kg capability 95,000kg to 118,000kg 


to low-Earth orbit to low-Earth orbit ——————_130,000kg low-Earth orbit and to low-Earth orbit and 
Shuttle height 56.1m Height 70m to low-Earth orbit in fully 23,500kg to the Moon 41,000kg to the Moon 
Weight 2.1 million kg Weight 1.4 million kg evolved configuration Height 105m Height 110.6m 
Lift off thrust 3.5 million kg __Lift off thrust 2.3 million kg | Height 98.1m Weight 2.7 million kg Weight 2.9 million kg 
Flight history Flew 135 Flight history First flight Weight 2.7 million kg Lift off thrust 4.6 million kg _Lift off thrust 3.4 million kg 
times between April expected no earlier than Lift off Thrust 4.2 million kg Flight history Flew four Flight history Flew 13 
1981 and July 2011 November 2017 Flight history First flight no _ times between February times between November 
earlier than 2019 1969 and November 1972 1967 and May 1973 
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An unforgettable 


EXPERIENCE 


4 Former president Lyndon B Johnson watches Apollo 11 lifting off on 16 July 1969 


From his seat aboard Apollo 8, Bill 
Anders saw a hornet fluttering outside 
the Saturn V, minutes before launch. 
“She's building a nest,” he mused, “and, 
boy, did she pick the wrong place to 
build it!” Anders never saw the hornet 
again, but anything in the vicinity of the 
giant rocket as it left Earth was 
incinerated. Even beach sand at Cape 
Kennedy was glazed to glass by the 
intense heat, which reached 3,300°C. 
From 5km away, the nearest 
unprotected human witnesses beheld the 
spectacle not only with their eyes and 
ears, but through the soles of their feet, 
as the ground shook and a continuous 
staccato crackle assaulted their chests. 
Queen Fabiola of Belgium clutched her 
husband’s arm as the shockwave and 
unearthly howl of the Saturn V swept 


over them. Even King Hussein of Jordan, 
who had seen many launches, flinched 
at the sight. Similar emotions were at play 
for the astronauts’ families. Louise Shepard 
braced herself against a hurricane fence 
when a gloomy midwinter’s sky suddenly 
glowed white-hot as her husband took 
flight aboard Apollo 14. 

For the astronauts themselves, attitudes 
differed. Mike Collins called the Saturn V 
“a gentleman”, whilst Gene Cernan labelled 
it “absolutely scary”. For Buzz Aldrin and 
Frank Borman the lasting memory was 
of a distant rolling thunder, then a 
sideways vibration so harsh that they 
could hardly read their instruments. 
Others remembered a profound sense 
of helplessness as an imperceptible 
sense of movement gave way to a 
powerful jackhammering motion. 


> was built with a broader scope in mind. Initially 
capable of delivering 118,000kg into low-Earth orbit 
and 41,000kg to the Moon, later improvements to 
the F-1 engine raised this estimate by 18 percent 
during the later Apollo missions. The Saturn V 
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Vv The Saturn V hardware 
that remains now draws 
tourists to museums; this 
one’s on show at Johnson 
Space Center in Houston 


The raw power of the 
Saturn V, less than 
three minutes after 
Apollo 11’s launch 


could have launched space stations, more Moon 
landings, a 400-day crewed flyby of Venus, robotic 
lunar and Martian rovers and even a scaled- 

up version of the Voyager interplanetary spacecraft. 


Discarded concepts 

Those unrealised missions required a second 
production run of the rocket, with an upgraded 
suite of engines more powerful than its 
predecessors. Other concepts included strap-on 
boosters and might even have carried the Space 
Shuttle. Today’s International Space Station 
could have been assembled decades sooner and 
in a handful of launches. 

Sadly, the realities of life on Earth took their 
toll on a rocket which, in today’s economy, would 
consume $1.26 billion for a single flight. At its 
most bloated phase of development, the Saturn V 
swallowed the equivalent of 80 per cent of NASA’s 
current budget. Faced with an unpopular war 
in Vietnam, a racially divided United States and 
parallel needs to tackle education and healthcare, 
the attention of successive White Houses was 
drawn away from space exploration. 

A death-knell thus sounded on the Saturn V. 
Fifteen rockets were built, one of which launched 
Skylab and nine sent men to the Moon. Three 
others tested Apollo in low-Earth orbit. Two 
were built for lunar landing that never happened 
and their unused hardware today gathers dust in 
Florida, Texas, Mississippi and at the National Space 
Museum in Washington, DC, gawped at daily by 
thousands of tourists. Their ageing hulks serve as 
lonely sentinels, reminding us of past glories and 
a future that never came.@ 
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The twin Voyager spacecraft have been speeding through the 
cosmos for two-thirds of the entire Space Age. Between them they 
visited four planets and 48 moons, 23 of which we had no idea 
existed. They saw new rings, volcanoes, geysers and even aurorae. 
Now Voyager 1 is pushing the very limit of exploration, as it ventures 
into the unknown of interstellar space. In The Story of Voyager we 
‘explore their astounding and complex legacy, joined by some of 
the scientists who worked on the mission, a majestic tale that 
rewrote the textbooks and is still influencing NASA today. 


PLUS subscribers to BBC Sky at Night Magazine receive FREE | 
UK postage on this special edition! 


ORDER YOUR COPY TODAY 


www.buysubscriptions.com/voyager 


Alternatively call 03330 162138' and quote ‘PRINTI' 


tCalls from landlines will cost up to 9p per minute. Call charges from mobile phones will cost between 3p and 55p per minute but are included in free call packages. 


Lines are open 8am-6pm weekdays and 9am-Ipm Saturday for orders only. 
*Subscribers to BBC Sky at Night Magazine receive FREE UK POSTAGE on this special edition. Prices including postage are: £11.49 for all non-subscriber £12.99 for Europe and £13.49 for Rest of World. 
All orders subject to availability. Please allow up to 21 days for delivery. 
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Extraterrestrial 


EARTH 


How do you tell whether a rover will run on Mars, or how best 
to collect samples whilst wearing a spacesuit? Rob Banino 
discovers the Earthly locales that allow us to prepare for space 


pace exploration is expensive on Earth that can serve as convincing > 

and dangerous. The farther you substitutes for other planets, orspace \ 

intend to go, the greater the itself, where we can simulate the 9 

cost and danger. Which is why conditions and experiences we will f \ 
years of testing goes into making sure encounter. Welcome to the world “wow re al 
our equipment, research methods, bodies __ of terrestrial analogues... > — sow 1 | 


and minds are up to the challenge. But 

for those very same reasons of cost and 
« danger, very little of that testing can be 
2 carried out in space. So we need places 
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The surface-variant of the SEV, which 
would allow explorers to cover more 
ground at greater speed than if they 
were in spacesuits alone 


Hamamatsu 
and Tottori 


Japan 


Used by: Hakuto (private space company) 
Terrestrial analogue for: The Moon 


Although the finish line of the Google Lunar XPrize is on the Moon, the 
race is being run on Earth. Five teams of scientists all around the world 
are competing to be the first to send a rover to the Moon, drive it 500m 
across the surface and transmit high-definition video back to Earth. 

The prize for the winner is $20 million. The only catch is the teams 
must be privately funded. And without money from the government, 
costs must be kept to an absolute minimum. Which is why proximity 
was the priority when Hakuto, the Japanese team, went looking for a 
lunar analogue site to test the rover. 

“We considered Apollo Valley in Hawaii, where NASA tested for 
the Apollo mission, and somewhere near the North Pole, but we chose 
the beach at Hamamatsu and the Tottori sand dunes in Japan due to 
schedule and budget,” says Hakuto’s Kyoko Yonezawa. “[Both areas 
have] fine, dry sand with relief similar to the Moon and the sites are 
broad, so there are no artificial obstacles in the rover’s camera view.” 

The tests highlighted problems that would have proven disastrous 
if they'd been discovered after the rover’s launch, scheduled for 
December this year. “In Hamamatsu, a rock got stuck between the 
grousers [the blades that provide traction] on one of the wheels. So 
we reduced the number of grousers to increase the gaps between 
them. In Tottori, however, the height of the sand dunes had a bigger 
effect than expected. So we're increasing the length of the antenna 
for stable communication.” 


skyatnightmagazine.com 2017 


Used by: NASA 
Terrestrial analogue for: The Moon, 
Mars, near-earth asteroids 


Between 2008 and 2011, NASA's Desert 
Research and Technology group paid annual 
visits to Arizona’s Black Point Lava Flow to test 
extravehicular activity (EVA) technology and 
procedures. The arid, dusty conditions in this 
remote area, together with the rough, rocky 
landscape and extreme temperature swings, 
have stood in for the surfaces of the Moon, 
near-Earth asteroids and Mars. 

Everything from communication 
strategies and camera technology to tool 
bags and rovers have been tried out at 
Black Point, and the tests have enabled 
NASA to increase the duration of any 
potential surface exploration mission from 
two or three days up to a fortnight. 

Much of that increase has come through 
the development of NASA's Space 
Exploration Vehicle (SEV) — a pressurised 
two-person cabin, with bunks and sanitary 
facilities, attached to a 12-wheeled chassis 
capable of both driving up 40° slopes and 
‘crabbing’ sideways. 

Smaller but no less significant developments 
that have come from the Black Point trials 
include changes to the technology built into 
the astronauts’ EVA suits. The 2010 mission 
tested suits with cameras sited above each 
shoulder, but the astronauts found it difficult to 
accurately frame images with lenses mounted 
in these positions. Subsequent configurations 
have added a viewfinder to the suits’ arm- 
mounted computers to alleviate the problem. 


Field mobility tests revealed 
flaws that could have been 
fatal if undiscovered =s 
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The rover during 
a lunar lighting 
camera fest 


Six crewmembers (inset) have 
been simulating life on Mars 
by living in this 93m? dome 


HI-SEAS 


Hawaii, US 


Used by: NASA 
Terrestrial analogue for: Mars 


On 19 January to 17 September 2017, the six 
men and women of HI-SEAS mission V enjoyed 
an eight-month stay on ‘Mars’. Mission V is the 


latest in the HI-SEAS (Hawaii Space Exploration 
Analogue and Simulation) programme, in 
which the Mauna Loa volcano on Hawaii's 
Big Island stands in for the Red Planet. 

“From a human’s perspective, the conditions 
were similar to those on Mars,” says Laura Lark, 
mission V’s communications specialist during 
her stay in the habitat. “Of course, Mars is 
much colder and drier, and there’s radiation... 
[but] the relevant aspects were those related to 
the psychological experience of long-duration 
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space exploration: the lack of real-time access 
to information, isolation and the sensory 
monotony and confinement.” 
Experiments, exercising to 
maintain strength and prepping 
for simulated radiation 
storms kept the crew busy, 
but wasn’t always enough 
to relieve boredom, as 
mission commander James 
Bevington points out. 
“Evenings were reserved 
for social time where we 
watch movies, play games 
and email friends and family. 
On weekends, we tried to have fun 
by building blanket forts, having 
open-mic nights and even a carnival.” 

Even though it's an analogue mission, the 
effects of the isolation were real, explains 
Brian Ramos, the mission's health and 
performance officer. “Having gone several 
months without face-to-face interaction with 
other human beings, the idea of interacting 
with someone incites an odd emotion. There 
have been times while out on EVA that we 
mistook some lava rock formation in the distance 
for a person who'd wandered onto the site, 
and it stopped us in our tracks.” 


ExoMars is being tested at 
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Mars:Ya 


Stevenage, UK. 


Used by: Airbus and ESA 
Terrestrial analogue for: Mars 


What's the quickest way fo get to Mars? If you 
work for ESA, it’s by heading north out of London 
on the Al for about 50km until you reach 
Stevenage. There, inside a building owned 
and operated by Airbus, you'll find the Mars 
Yard, an accurate facsimile of the proposed 
landing site for the ExoMars rover. 

It may look like just a large sand pit, but 
the 30x13m facility - which opened in 2014 


rd 


- has been painstakingly constructed to 
replicate the surface of Mars so prototypes 
of ESA's rover can be put though their paces 
before it’s launched. 

“We used 300 tonnes of specially dried 
sand that was selected to match the grain size 
of Martian sand,” explains Jeremy Close of 
Airbus. “Dry sand is more difficult to traverse 
and more representative of Mars.” 

But it’s not only the Martian landscape that’s 
been replicated here. To ensure ExoMars’s 
cameras are as capable as its drive train, the 


lighting has been carefully calibrated. “Light 
levels are set at 2,000 lux and it has a specific 
colour content that mimics Martian light,” says 
Close. One lux is equivalent to an overcast 
day on Mars but still several times brighter 
than typical office lighting levels. 

The Mars Yard’s walls are covered with a 
panoramic image of the Martian landscape 
taken by NASA's Curiosity rover — but not for 
decorative effect. It’s so the room's doors, 
windows and corners don’t confuse ExoMars’s 
autonomous navigation software. > 
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Concordia 


Station 


Antarctica 


Used by: ESA 
Terrestrial analogue for: Long-duration 
space travel 


For much of the year it’s harder to get to the 
scientists at the Concordia Station than the 
astronauts aboard the ISS. Located 3,200m 
above sea level on the Antarctic Plateau, 
Concordia Station is inaccessible during the 


winter, when temperatures can reach —80°C. 


The station’s altitude means there’s less 
oxygen in the air than at sea level, and its 
proximity to the South Pole means the Sun 
never sets in summer or rises in winter. 
“All those extreme conditions make 
Concordia Station a fascinating place,” 
says Jennifer Ngo-Anh, ESA's head of 
human research. “The crewmembers who 
are there live in extreme isolation and 
because of that we can study human 
adaptation from a psychological and 
physiological point of view to prepare 
for long-duration human space travel. 
“We've been investigating how 
crewmembers cope with stress, how their 


immune systems change and if their circadian 
rhythms alter. It’s been confirmed that when 
crews are isolated and confined there’s a 
decrease in their immune system, and we've 
been able to show that despite the total 
darkness for almost half of the year the 
crewmembers still follow their original 
circadian rhythms.” 

But while the lack of light and social 
interaction can affect the outcome of a mission, 
the lack of oxygen has a more fundamental 
role. “One of the main assumptions is that 
when we built a habitat on the Moon or Mars, 
the atmospheric conditions in it will be very 
similar to those on an aircraft, so lower oxygen 
levels than normal and higher carbon dioxide 
levels. That is something we naturally find at 
Concordia Station and why it’s so interesting.” 
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4 Every winter an ESA medical doctor joins the 
crew fo study the long-term impact of isolation 


Teide’s featureless 
plains are great for 
testing navigation 


Mount Teide 


Tenerife, Spain 


Used by: PTScientists (private space company) 
Terrestrial analogue for: The Moon 


Navigation is perhaps the biggest challenge facing anyone driving a rover 
remotely across the lunar surface — so says Karsten Becker of the 
PTScientists, a privately funded group of engineers and rocket scientists 
based in Berlin that’s building a pair of lunar rovers. Learning how to 
overcome that challenge led the group to Mount Teide, a 3,718m-high 
active volcano in Tenerife. What makes Teide a suitable analogue for the 
Moon, Becker explains, is the fact that it’s almost completely barren. 
“If you're driving on the road and you see a tree, you can judge how far 
away it is. But if you don’t see any structures like that, judging distances 
becomes harder. And this is why Teide is an excellent testing site: there 
are no references there so you absolutely cannot judge the distances.” 
There are other benefits too. “You have no clouds [at the height 
we tested at] so the solar density you're receiving per square metre is 
much closer to what you’d expect on the Moon. It doesn’t help the 
humans who have to carry the rover around, which at that point 
weighed 45kg, in the thin air at such heights. But for testing materials 
and driving capabilities it’s perfect.” 
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AMBLING ON AN ASTEROID 


In the future, virtual reality could help prepare 
astronauts for daring missions far from Earth. 


Dr Emmanuel Urquieta (pictured) has 

never left Earth, but thanks to a set of 

Oculus Rift virtual reality goggles and 

a PlayStation controller he’s 

performed a spacewalk to collect 

samples from near-Earth asteroid 
1620 Geographos. Urquieta was part of the four-man crew for 
the 11th HERA (Human Exploration Research Analogue) mission, 
which involved spending 30 days cooped up in a sealed habitat 
in NASA’s Johnson Space Center simulating an expedition to the 
Mars-crossing asteroid. 

The goggles and controller came into play when he ventured 
out onto 1620 Geographos and the VR simulation taught Urquieta 
a valuable lesson about moving around in space. 

“Feeling how sensitive everything is when there’s no gravity and 
learning that if you fire the thrusters on a manned manoeuvring 
unit — on any axis — you're not going to stop unless you fire them 
again the other way. | think that’s something you can’t learn 
without experiencing it with VR. Not even with parabolic flights 
because the space inside the cabin is so limited.” 
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EVA procedures between | 


Used by: NASA and ESA 
Terrestrial analogue for: Mars 


Whether it’s real people or robotic probes being sent to other planets, 
preparation is everything. If you're going to be studying the planet's 
surface for signs of life you need to know what you're looking for and 
how you're going to look for it. That’s where AMASE (the Arctic Mars 
Analogue Svalbard Expedition) comes in. 

The Norwegian archipelago is characterised by rugged, rocky 
landscapes that are frozen and barren. It’s one of the harshest 
environments on Earth and yet there is life on the outcrops and islands 
— most importantly, for NASA and ESA’s scientists, in the form of 
microbes hidden in the rocks and permafrost. 

Developing ways to detect such life, or signs of its previous 
existence, is the main purpose of the AMASE trips — Svalbard 
is used as a proving ground for the sampling techniques and 
technology that will search for life on Mars. 

Two NASA instruments developed on Svalbard, SAM (Sample 
Analysis at Mars) and CheMin (Chemistry and Mineralogy X-ray 
Diffraction Device), have already made their way to Mars aboard 
the Curiosity rover. PanCam, a prototype camera system intended 


Svalbard © 


Norway 


NEEMO 


Florida, US 


Used by: NASA 
Terrestrial analogue for: Interplanetary 
travel and exploration 


The first things you think of when it comes to 
space exploration are the reduced gravity 
environment and the inherent danger. Those 
are the two things it’s hardest to simulate on 
Earth... if you stay on dry land. If you venture 


for ESA’s ExoMars rover, set to launch in 2020, has also been 
put through its paces in Svalbard. 


underwater, however, they become very real. 
Located 19m below sea-level, 5.6km off the 
coast of Key Largo, Florida, is the Aquarius 
Reef Base, a cramped 37m? undersea habitat 
owned by Florida International University and 
used by NASA for its NEEMO (NASA Extreme 
Environment Mission Operations) programme. 
Up to six ‘aquanauts’ at a time can live and 
work in the Aquarius, experiencing the 

same sort of isolation and confinement they 
would on an interplanetary expedition. 

But perhaps most importantly they can 
simulate EVAs outside Aquarius to test their 
skills and their equipment in a buoyant 

but harsh environment. 


Undersea ‘aquanauts’ (inset) 
practise activities on the 
ocean floor that would be 
performed in space 


_ 
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It’s an ideal way to learn the careful 
planning required for an EVA, as any activity 
outside Aquarius requires a suit with a limited 
oxygen supply, but the undersea environment 
makes any job more time consuming. 

There have been 21 NEEMO missions since 
Aquarius began operations in 2001 and it 
has helped NASA solve a number of problems 
that may have been catastrophic if they'd 
arisen in space. Chief among them has been 
how to design a space suit that allows 
astronauts fo pick themselves up if they fall 
over and how a syringe can be used to fix a 
touchscreen interface that’s locked up due to 
the increased air pressure inside a habitat. @ 
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PMI SKILLS 


Brush up on your astronomy prowess with our team of experts 


fh. 


The Guide 


The three types of twilight 


The period between ‘day’ and ‘night’ is complex, and so is the sky at this time 


he changes that occur during 

dusk can be as striking as 

anything we observe in nature. 

Everything we can see changes, 
as the brightness of the sky drops to less 
than 3/10,000ths of a per cent of its 
intensity at sunset. Yet this daily spectacle 
is often lost to us, perhaps obscured by 
cloud, but also obliterated by artificial 
lighting and sometimes simply ignored 
because of its regularity. 

Twilight is not a single, fixed state, but 
a gradual change that has three distinct 
phases. The first is civil twilight, which 
begins as the upper limb of the Sun 
disappears below the horizon and ends at 
civil dusk, when the geometric centre of 
the Sun is 6° below the horizon. During 
this period, you can carry on doing things 
much the same as if the Sun were above the 
horizon, lit only by the still-blue overhead 
sky. The first half an hour being dubbed by 
photographers as the ‘blue hour’. 

We tend to look to the west at sunset, 
drawn by the coral pink hues above the 
horizon, and miss the more dramatic 
changes that are happening behind us. 
Here, we see a band of more muted 
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Daylight 


Horizon 


Sunset 4 


Civil dusk 


amaranth pink, dubbed the Belt of Venus, 
illuminated by red sunlight that is not 
scattered in its passage through the 
atmosphere. Below is a rising purple swathe, 
that part of the visible sky that is in Earth’s 
shadow. During civil twilight, only the very 
brightest stars and planets become visible. 
Civil dusk signals the beginning of 
nautical twilight, which persists until the 
geometric centre of the Sun is 12° below 


NAUTICAL TWILIGHT 
Colours begin to fade and the 
horizon begins to disappear; 

more stars emerge 


CIVIL TWILIGHT 
You can still see normally, but the 
Sun is below the horizon; bright 
stars and planets may appear 


Twilight is split into 
different grades, but 

the cause is the same: 
refraction and scattering 


the horizon — nautical dusk. At nautical 
dusk, it’s sufficiently dark that a sailor at 
sea would not be able to see the horizon, 
hence its name. Our monochrome scotopic 
(low light) vision begins to dominate and 
colours fade as everything on land takes 
on shades of grey. The purple in the east 
merges with darkening sky above. 
First-magnitude stars begin to appear. 
Initially they seem lonely points of light, 
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Shorter in winter than in summer? 


You can visualise the reasons by considering the sky as a dome, with 
the Sun appearing to trace a curved path across it each day. In winter, 
when the Sun’s path lies in the south of the dome, the Sun’s path after 
sunset curves down away from the horizon. The effect is to gradually 
increase the angle at which the Sun appears to travel with respect to 
the horizon, decreasing the duration of twilight. In the summer, when 
the Sun’s path is in the north of the dome, the path curves up to the 
horizon. This has the effect of gradually decreasing the angle the Sun 
appears to travel with respect to the horizon, lengthening twilight. 


ASTRONOMICAL TWILIGHT 
The sky starts to blacken and 
stars blink into existence, 


including the Plough asterism 


but they gradually multiply as the sky 
darkens and fainter stars join them. 
Eventually, the entire Plough asterism in 
Ursa Major appears, pointing to Polaris, 
so at last we can polar align our equatorial 
mounts. Night is approaching, but the 
sunlit sky is still visible on the sunset 
horizon. The third phase, astronomical 
twilight, is beginning. 


Light’s last gasp 

As the Sun descends past nautical dusk 
and into astronomical twilight, when our 
star is between 12° and 18° below the 
horizon, its illumination is replaced by 
other sources. For too many of us, this is 


the skyglow from artificial light, but even 
in unlit places on a Moonless night the sky 
is never completely dark. The combination 
of an imperceptibly faint auroral glow, the 
zodiacal light (sunlight reflected off 
interplanetary dust particles), and the light 
of diffuse matter in our Galaxy all contribute, 
though their contribution is less than that 
of a single mag. +6.5 star if it was distributed 
over an area the size of the Moon. 
Astronomical dusk takes place when the 
Sun’s geometric centre drops to 18° below 
the horizon. Above our heads we will see, 
with dark-adapted eyes, objects as faint as 
we are likely to. Away from light pollution, 
the Milky Way shows structure sculpted by 


Shorter closer the equator 


This is best described at the equinoxes, when the Sun sets at a 

right angle to the horizon at the equator and it has to sink 18° 

after sunset for night to begin. Earth rotates at 15° per hour, 

so twilight at the equator will last 72 minutes (18°/15°x60 minutes). 
The angle of sunset is equal to 90° minus your latitude, so at 

51°N the Sun sets at an angle of 39° relative to the horizon. Using 
trigonometry you can work out the Sun has to travel for 28.6° 
before it is 18° below the horizon. Twilight at 51°N will therefore 
last for 114.4 minutes (28.6°/15°x60 minutes). 


... and later on 
the zodiacal light 


the dust of dark nebulae. The Andromeda 
Galaxy and the Double Cluster in Perseus 
may show themselves even without 
binoculars. The varied colours of stars 
become more apparent, and our awareness 
of the existence of artificial satellites and 
sporadic meteors grows. The glittering 
sky-dome above our heads appears to have 
come closer. This is night. 

Then, all too soon, it is over. The sky 
brightens, the stars fade, the twilight 
phases play out in reverse. Dawn, and a 
brand-new day, is upon us. @ 


STEPHEN TONKIN writes our 
Binocular Tour each month 
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STARLIGHT PRESS... 


NEW Flagship Cameras 


TRIUS SX-56 Introducing a new and exciting range of large 
format CCD cameras from Starlight Xpress. 
Utilising the new KAF16200 16M pixel APS format 
CCD and the renowned large KAF16803 16M pixel 
CCD sensor. The new TRIUS SX-46 and TRIUS 
SX-56 bring large format imaging to your optics. 


Rolling-blind Shutter 


= 
4 


Designed and manufactured 
in-house, this rolling-blind shutter 
allows for shorter exposure times 
and significantly shorter flat-field 
exposures. 


TRIUS SX-46 


Key features: 

¢ Full-resolution 
(16M) download in 
6.5 seconds Built-in 3 port USB hub 

¢ 3 stage cooling 
(-50C delta) 

¢ Sapphire AR coat- 
ed window 

¢ Built-in RBI-Flash 

e¢ Light-weight 
(1.7Kg) 

e Low read noise 

¢ Argon filled CCD 
chamber 

e Low power 


For further information, please take a look at 


www.sxccd.com 
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Fiow to... 


Build an equatorial platform 


HOW TO NOVEMBER 81 


Convert your altaz Dob into a sky-tracking lightbucket 


The finished platform 
will enable your altaz 
Dob to follow the 
motion of the stars 


obsonian telescopes are 
popular instruments. They 
provide large apertures for a 
reasonable price and as such are 
suited to observing faint, deep-sky objects. 
Their wide optics can also cope with high 
magnifications, but it can be tricky to keep 
celestial targets centred in the field of view 
in this situation, especially if — as is most 
common — your Dob has a manually 
operated altaz mount. 

This two-part project aims to deal with 
this inconvenience. We’re going to show 
you how to build a motorised equatorial 


platform able to track the sky for an 
extended period (approximately one hour) 
before you need to adjust your scope. 

Our design makes use of circular 
bearing segments. These are the easiest 
shapes to generate and provide good 
results for medium-sized scopes — our 
example project is based on an 8-inch, f/6 
Dobsonian. The principle behind it is 
quite straightforward: there is a fixed 
lower base board on which two sets of 
bearings are mounted, one set to the north 
and the other set to the south. The 
upper, movable platform has two curved 


TOOLS AND 
MATERIALS 


\ 


TOOLS 
Jigsaw, router, hacksaw, drill and bits, 
plane, spanner, Allen key, screwdriver 


MATERIALS 

1,200x600mm sheet of 18mm 
plywood (this is enough for parts one 
and two of this project), 1m length of 
30x30x2mm aluminium angle, 1m 
length of 12x2mm aluminium strip, 
A3 sheet of thin polycarbonate plastic 
or similar, 600x40x30mm offcut of wood 


SUNDRIES 

Eight 608ZZ skateboard/roller 

blade bearings (22x8x7mm), eight 
M8x25 socket head screws, eight M8 
washers, 16 M8 nuts, woodscrews, 
wood glue, double-sided tape 


FINISH 
Wood varnish or spray paint 


segments on its underside, which run in 
the bearing sets below. The size and 
orientation of these segments ensure that 
the pivot axis of the platform is parallel 
to the Earth’s axis of rotation; hence we 
say it is equatorially mounted. 


Finding balance 

The platform is constructed from 18mm 
plywood and the bearings are 608ZZ 
skateboard bearings, which are inexpensive 
and readily available. Their internal 
diameter is 8mm, so they are easy to mount 
using standard M8 screws. Rather than > 
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> have these running directly on the 
surface of the plywood, we added thin 
plastic sheets to the undersides of the 
segments with aluminium strips on the 
edges, providing tougher, smooth surfaces. 

In order to calculate the size and angle 
of your segments you must know the 
latitude where the platform will be used 
and the height of the telescope’s centre of 
gravity (including its mount). The segments 
are arranged so that this centre of gravity 
lies on the axis of rotation. If it is too far 
above or below, the motor may struggle to 
drive the platform effectively. The centre 
of gravity of the telescope will correspond 
to the centre of its altitude bearings. You 
can find the centre of gravity of the mount 
box by balancing it on its side, and the 
combined centre of gravity will lie between 
the two. Using moments, you can 
calculate the exact position. 


Avoiding the maths 

There is quite a lot of interesting maths 
involved in the design, which some readers 
will enjoy. If you would rather avoid that, 
the Bonus Content also includes a 
spreadsheet calculator that will generate 
the dimensions you need for the wooden 
parts after you enter some key values 
relating to your telescope. 

Cutting out the plywood parts is quite 
straightforward, but the curves do need to 
be smooth. It is possible to do a good job 
by hand, but if you have access to a router 
then generating accurate profiles is easier. 
The bearings are simple to assemble using 
screws, washers and nuts. Smaller ‘jacking’ 
screws make it easy to align the guide bearings, 
so they run freely without scrubbing, 
before fully tightening the M8 nuts. 

Once you have assembled all your parts 
you will need to spend a little time 
adjusting your platform until it runs 
smoothly and checking that the north 
bearings make good contact, as these 
guide the telescope’s movement. The 
south bearing assembly can be left to freely 
move or pivot on the base as it is only 
supporting the load vertically. 

Next month we will show you how to 
motorise the platform, complete the base 
board and set the mount up for observing. @ 


Mark Parrish is a consummate craftsman. 
See more of his work at buttondesign.co.uk 


YOUR BONUS CONTENT 


Download additional images and 
a cutting calculator for this project 
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STEP BY STEP 


STEP 1 


After separately weighing your telescope 
and mount/base, balance the base on an 
offcut of tube to find its centre of gravity. 
Calculate the combined centre of gravity 
using the spreadsheet calculator included 
in this month’s Bonus Content. 


STEP 3 


If you have a router you can attach it to a 
radius rod with a pin at the centre. Take 
multiple shallow cuts until you have reached 
a smooth curve (allow for the thickness of 
the aluminium bearing strip). Once satisfied, 
cut out the segments and remaining parts. 


Mark out and cut the aluminium angle 
sections. Use a smaller pilot drill first and 
then switch to an 8mm drill for the larger 
holes. Hold pieces safely in a vice or clamp 
when drilling. Shape the wooden blocks using 
a plane or saw set to appropriate angles. 


STEP 2 


Use the calculated values and plans 

to mark out the segments you need 

on the plywood. Cut the arcs first with 
a jigsaw. Don’t cut the segments away 
from the board until you have finished 
smoothing the arcs. 


STEP 4 


Assemble the plywood parts with glue and 
screws. Sand and paint to suit your tastes. Cut 
some thin polycarbonate and stick to the 
undersides of each segment. Cut aluminium 
bearing strips fo length and fix them fo segment 
edges with a small screw at either end. 


STEP 6 


Screw the north bearing assembly to 
remaining plywood, which will become the 
base board. Ascertain best position for the 
south bearing and fix it with a central pivot 
screw. Use packing under blocks as 
necessary to level the top when centred. 
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PROCESSING 


Binning image data, and why you should do it 


How losing some resolution in your images can help you capture more detail 


inning is the process of 

combining the pixels of a 

camera sensor together to make 

‘super pixels’, with the effect 

of increasing the camera’s sensitivity at 

the cost of image resolution. By 

increasing sensor sensitivity, you 

acquire deeper data in a shorter 

time than you would without 
binning. And, as we'll find 

| out, matching image 
resolution to sky conditions 
can be a benefit in itself. 

Binning sounds complex, 

but is quite straightforward. 

Imagine your camera sensor as 
a grid of individual pixels; when 

you take a photograph, the camera 
reads every pixel in the grid separately, 
generating an image with a 1:1 signal to 
NGC 896 imaged noise ratio — this is technically 1x1 binning. 
atively; detail linset) is. With 2x2 binning, the camera will read 
good but a little noisy : : 
‘ each block of four pixels as one, resulting 
DOM INININIG ina higher ratio of signal to noise and 
‘. a lower resolution. 

Image resolution, also referred to as 
image scale and measured in arcseconds 
per pixel, may help you to decide if 
binning is useful to you. It is related 
to two parameters within an 
imaging setup: the pixel size of 
your camera and the focal 

length of your telescope. 
You can work it out using 
our field of view calculator 

(www.skyatnightmagazine. 

com/astronomy-field-view- 
calculator). Enter your 
equipment details and it will 
tell you what the image scale 
(or resolution) of your setup is. 

Irrespective of your setup, image scale is 
limited by two external factors: the ‘seeing’, 
which is the twinkling and blurring of 
stars caused by turbulence in Earth’s 
atmosphere, and your mount’s tracking 


1X1 BINNING 


NGC 896 imaged with 2x2 
binning; detail (inset) is 
.* clearer and noise is reduced 
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Native pixel 


3.69 microns 


3.69 microns 


> In 1x1 binning, your camera 
reads every native pixel in its grid 
individually; in 2x2 binning, it reads 
every four pixels as a single, larger 
pixel with increased sensitivity 


accuracy. You should aim to image at a 
third of the seeing; if your average seeing is 
three arcseconds, then you should aim to 
image at a resolution of one arcsecond per 
pixel. Your mount also needs to be capable 
of this imaging scale. 


Which cameras can bin? 
All CCD and CMOS cameras support 
binning, though one shot colour devices 
will normally lose their colour information 
as a side effect. Binning cannot be done 
physically (ie, in the menu settings) on a 
DSLR, but it can be synthesised during 
processing using photo editing software. 
The diagram above shows the binning of 
four 3.69m pixels into a 2x2 super pixel. 
Many people assume — quite naturally 
— that as the super pixel contains four 
standard pixels, the increase in sensitivity 
will therefore be four times. That’s not the 
case, and you can see why 
by registering the 1x1 and 2x2 binned 
images in PixInsight. 


Noise (DN (2 approved/2) 
2,000 


e 
Ix1 bin 
1,900 
1,800 
1,700 
1,600 


1,500 


1,400 
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Super pixel 


7.38 microns 


7.38 microns 


We took a series of 10 exposures of the 
Heart Nebula, NGC 896 in Cassiopeia, 
using a monochrome camera. Each 
exposure lasted 30 minutes. Five of these 
were taken at 1x1 binning and another five 
at 2x2 binning, and they were captured 
alternately on the same night to minimise 
any influence of sky condition. 

We loaded one uncalibrated exposure of 
each into PixInsight to perform an Analog/ 
Digital Unit (ADU) Comparison. To do this 
click Edit > Readout Options, ensuring 
that the max value of the Arbitrary Integer 
Range is ticked (as this shows ADU figures) 
and change the Probe Size in Pixels to 3x3. 

Pick the centre point of any star that 
appears in both of your opened images. 
Move the cursor to the centre of this star 
and left click on it to generate a ‘K reading’, 
which is actually the ADU figure. Do this 
for 10 stars and enter all the K readings 
into the spreadsheet calculator in this 
month’s Bonus Content. The calculator 
will add the results together and divide by 


Sigma 


0.5 


0.0 


2x2 bin 


-1.0 


Index 
2 


4 Noise can be cut with binning, but you'll have to sacrifice image scale to do so 


the number of stars to work out your 
average sensitivity increase. 

In our case, 2x2 binning gives a sensitivity 
increase of 1.845x. Every imaging system 
will be different and some will be better 
suited to binning than others — typically, 
cameras with small pixels perform better. 
In this example, we were using a camera 
with pixels measuring 5.44.m square. 


The effect on images 

But what does this mean in terms of your 
images? To visually consider the difference 
we calibrated and stacked the five exposures 
of both data sets. The immediate 
difference is the smaller physical size of 
the 2x2 binned images as well as blockier 
stars within them. This is the effect of 
decreased resolution. For a further 
comparison, we used the StarAlign tool in 
PixInsight (Process > Image Registration 
> StarAlignment) to register the 1x1 
binned image against the 2x2 binned 
image — the result is shown on the left. 
With a close crop, there is increased noise 
in the 1x1 binned image and slightly finer 
detail showing on the 2x2 binned example. 

We took the stacked and resized images 
and used the SubframeSelector script in 
Pixinsight (Script > Batch Processor > 
SubframeSelector) to visually demonstrate 
the noise difference between the two 
images, shown in the graph below and left. 
Here, we can see that there is much higher 
noise in a standard image (1x1 binning) 
compared to 2x2 binning. 

After combining all two and a half hours 
of data, the 2x2 binned image shows all the 
detail we would expect — the nebulosity is 
clear to see and better defined, and there is 
less noise. But as the sensitivity difference 
is only 1.845x, the changes are not huge. 
With a different system with a much larger 
increase in sensitivity, the difference could 
be much more noticeable. 

There are certainly disadvantages 
to binning, such as blocky stars. If the 
image is upsized then the stars become 
a little less blocky, but noise visually 
increases. Imaging at more than 2x2 is 
possible, but not recommended. The 
image you would end up with would be 
tiny, and the stars very blocky indeed. @ 


SARA WAGER is an amateur astronomer 
who loves imaging nebulae in narrowband 


YOUR BONUS CONTENT 


Work out your binning sensitivity 
increase with our calculator 
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This dream can become reality with the 

from Sega Toys. The high definition planetarium with the _ 
ultra-bright 3-watt LED and rotating movement projects 
the night sky throughout the year. The handy timer 

lets you fall asleep while gazing at the stars. Two discs 
included, more available. 


BT81S-A with 
HF2Mount& , 
Tripod Package . 


This 8immastronomy 
binocular delivers crystal clear, 
sharp views through its*new 
optical design. Its lightweight 
body ensures that you can take 
it to any observing location. 


Package includes 2x SLV eyepieces, 

tripod, swing bracket, red dot finder 

and fork mount. : Skyat Night 
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together. Star gazers, photographers, walkers, beachcombers, dolphin watchers 
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Tourism Silver Award. Drew Buckley's image below features Pentre Ifan. 


Situated in North Pembrokeshire, a certified Dark Sky Area. 
Beautiful on-site leisure facilities including indoor heated swimming pool, 
sauna and gym, open all year round. 
Big Play Barn, and indoor and outdoor play areas for all ages on site, as well 
daily feeding of the farm animals. 
Meadow Cottage and Croft House enjoy the luxury of private garden hot tubs. - ; nays : 
Unwind with a relaxing massage in your holiday cottage. s ; OP ig ore 2 
_ For friendly helpful advice 
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I have a Celestron NexStar Evolution 6 
With telescope and am thinking of buying 
Steve a Canon DSLR. Is this a good idea and 
icnercs what is the best camera for £600? 


DAVID WOOD 
The Celestron NexStar 
Evolution 6 is a 6-inch Canon 


Schmidt-Cassegrain 
telescope mounted on a 


Our equipment specialist cures your ieee 
optical ailments and technical maladies — 6% mount. This 


makes it an excellent 
instrument for 

observing a wide range of 
objects and for imaging 
the Moon and planets. 
Unfortunately, it is not 
really suitable for the long exposures required to 


4 The Canon EOS 750D is 
great for astronomical use 


capture deep-sky objects as tracking would not be 

accurate enough. This could be resolved to some 

extent by the purchase of a Celestron Pro HD 

Wedge to convert the mount to equatorial, but there 

<The Sky-Watcher is no substitute for a substantial equatorial mount. 

Skymax 127 combines A Canon DSLR camera is suitable for capturing 
decent aperture and long exposures of deep-sky objects and can 


rugged design physically attach to your telescope but is not 
really suitable for lunar and planetary imaging. 
p. ° e e 
| m travelling toan orphanage in Africa The Canon 750D would make a great general 
use DSLR camera and is also suitable for deep-sky 
and want to take a telescop e for the astrophotography. Have fun experimenting with 
e e oe . 
children to look through. What is the one on your existing equipment but a better 
é long-term choice would be a refractor mounted 
best choice for a budget of £400? pieine qudional wnat 
ANDY MUNNIS 
You have set yourself quite a challenge of 5 inches and a moderate focal STEVE’S TOP TIP 
here to get ultra portability and length of 1,500mm in a compact 
ruggedness with child-friendly views and rugged design. This instrument What are dovetail bars? 
for outreach all in one instrument! can be mounted on a camera tripod : h Pileccope eillier 
With children in mind and the using the 1/4”-20 tripod threads Dovetail bars Scie ue re i ao tenes 
relatively large number that you need —_ underneath the dovetail bar or, directly or ee e ae : Sen Baciremove 
to inspire, a telescope that excels at for convenience, either a Baader a clamp, making If QUICK To 


the telescope. Dovetail bars are so called 


lunar and planetary views would give —_- Vixen-style dovetail clamp or ete Gees cection has the appearance 


the best ‘wow factor’. Starwave mini clamp could be ea file that 
; 's tai it is this tapered profile tha 
Dim, fuzzy objects are great for used. However, your tripod will ofa as s ea ce se P 
astronomers with time to enjoy a need to be substantial to prevent makes them sate a 


There are two main variants, the traditional 
Vixen style’ with a width of approximately 
1.75 inches, and the heavier duty ‘Losmandy 


prolonged view, but your circumstances _ vibration from spoiling the views 
demand brighter and less challenging —_ and you will have to keep on adjusting 


objects and here the Solar System the mount to keep the objects in rae p 3 . ; 
really delivers. Observing the Moon view. The Orion Apex 127 would style with a peel cf se z les 
and planets at their best requires a also fit your purpose. though the ie a ee i ese days 
long focal length instrument, but this If you can stretch to transporting of 4 inches in oe , 4 | clamps that will 
requirement has to be balanced a lightweight mount and tripod, the for mounts to Ba ae al ae 
against portability and ruggedness. Sky-Watcher Skymax 127 SynScan AZ accommodate both cove 
A Maksutov-Cassegrain would Go-To would track automatically for 
be a good choice. you. This would be a great advantage 

The Sky-Watcher Skymax 127 and would be an excellent instrument Steve Richards is a keen astro imager 
optical tube has a generous aperture for use on your return too. and an astronomy equipment expert 


Email your queries to scopedoctor@skyatnightmagazine.com 
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HOW WE RATE 


Each category is given a mark out 


= 
ss e 
men 
of five stars according to how well 
it performs. The ratings are: 
ke * *® Outstanding 
tek * *& Very good 


x. , : ; tok wk Good 
Bringing you the best in equipment and accessories Jottook Average 


each month, as reviewed by our team of astro experts +44 Poor/Avoid 


90 Bin”, 


This 4-inch short-focus 
refractor from Explore 
Scientific has a terrific 
triplet lens 


, 


SEE INTERACTIVE 360° MODELS OF 
ALL OUR FIRST LIGHT REVIEWS AT 
WWW.SKYATNIGHTMAGAZINE.COM 


This months reviews 


> 


FIRST LIGHT BOOKS GEAR 
Expl iOpt ZWO We rate f Includi 
GO sreniic e102 DA cencse YB iscrnccost WZ ici” WAL 


FCD-100 refractor portable EQ mount colour camera astronomy titles mount and tripod 


Find out more about how we review equipment at www.skyatnightmagazine.com/scoring-categories 
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FIRS | LIGHT 


See an interactive 360° model of this scope at 
www.skyatnightmagazine.com/ed102fed é - 
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Explore Scientific 


ED102 FCD-100 refractor 


A 4-inch triplet telescope that left our reviewer wanting to hold onto it 


WORDS: PAUL MONEY 


VITAL STATS 


e Price £1,267 

e Aperture 102mm 
(4 inches) 

e Focal length 
714mm (f/7) 

e Optics Air-spaced 
triplet, HOYA FCD-100 
glass, enhanced 
multilayer desposition 
coatings 

e Mounting Tube 
rings with handle 
and Vixen-style 
mounting bar 

e Focuser 2.5-inch 
Hexafoc 10:1 
DeLuxe focuser 

e Weight 4kg 

e Extras Retractable dew 
shield, 2-inch star 
diagonal with 2- to 
1.25-inch adaptor, 
two focuser extension 
adaptors 

e Supplier Telescope 
House 

e www.telescopehouse. 
com 


e Tel 01342 837098 


he Explore Scientific ED 

APO 102mm f/7 Deluxe 

FCD-100 Hex-Focus is a 

short focus refractor. It is 
sold as a tube-only configuration 
packaged with tube rings, two 
focuser-extension adaptors and a star 
diagonal. Of course, this is a double- 
edged sword: buying a tube alone 
means you can use accessories you 
already own, but if you are starting 
out you need to factor in the cost of 
completing your setup. 

The scope’s dew shield is fully retractable and 
the protective lens cover fits snugly over the main 
objective lens rather than the shield itself, a 
welcome element of the design. The tube is made 
of aluminium and is quite short at 560mm, 
though that is without a star diagonal or extension 
adaptors, and with the dew shield retracted. Its 
diameter is 106mm. It is a lightweight 4kg, making 
it easy to carry and to attach to a mount; it’s another 
suitable candidate for a grab-and-go system. 

The tube rings are sturdy and have an integrated 
carry handle, which we found useful when taking 
the telescope out to our mount. The carry handle 
also has a mounting slot for a camera for piggyback 
photography. The focuser is the 2.5-inch Hexafoc 
10:1 DeLuxe, which has 44mm of focus travel. 

It can be rotated to allow better camera framing 
for astrophotography and locked into position with 


TERRIFIC TRIPLET LENS 


SKY SAYS... 
There was no 
colour fringing 
noticeable on 
stars; Altair in 
Aquila appeared 
pin sharp across 
almost the 
entire view 


a single screw, which we found did 

the job well. Tension can be applied 

to the focuser via the tension screw 
underneath and locked into place with 
the two upper screws if you are using 
a large or heavy camera. 

The objective is 102mm (4 inches) 
in diameter with a focal length of 
714mm. This gives a short focal 
ratio of f/7, which is useful for 
astrophotography. The objective lens 
has enhanced multilayer desposition 
(EMD) coatings — these improve contrast and light 
transmission, and give the front of the lens a subtle 
green hue. In our tests we were very pleased with 
the quality of the optics, with no colour fringing 
noticeable on stars. Looking specifically at Altair, 
the alpha star of Aquila, we found it to be pin sharp 
across almost the whole of the view using our own 
26mm, 1.25-inch eyepiece; an impressive view 
replicated when we switched to a 26mm, 2-inch 
eyepiece with a 100° field of view. 


Going deeper 

When we attached the telescope to our own NEQ6 
mount, we found that we had to use one of the 
supplied focuser extension adaptors to achieve focus 
with the star diagonal and our chosen eyepieces. 
We took a tour of some of the night’s greatest 
deep-sky sights: the galaxy pair of M81 and M82 

in Ursa Major; the Andromeda Galaxy and its > 


The front objective lens of the Explore 
Scientific ED102 FCD-100 is a triplet of 
air-spaced HOYA FCD-100 glass, and 
it provides good contrast and colour 
correction. This in turn is helped by 
Explore Scientific’s enhanced multilayer 
desposition (EMD) coatings on the 
lens. We saw little evidence of any 
colour fringing in either visual or 
imaging use; the view was very crisp 
with well-controlled stars almost to 

the edge of the view. 


Unlike long focus refractors, those with 
short focal lengths can suffer from colour 
fringing. This occurs when not all colours 
are brought to the same focal point, 
leading to vibrant haloes around bright 
stars and the edge of the Moon. Visually 
it can be a little distracting for casual 
stargazers, but for astrophotographers 
and committed visual observers it can 
render a telescope useless. 

Doublet and triplet lens elements are 
employed to control the colour fringing. 
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a ~_DEW SHIELD 


\. The dew shield was very 


smooth in operation and is 
\._ retractable, making the 
\ refractor quite short. 
When the shield is 

\_ retracted you can 
access the objective 
cell collimation 
screws, although you 
should not have to 
adjust these often. 
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TUBE RINGS 


FOCUSER 


STAR DIAGONAL 


The supplied star diagonal is a 2-inch fit, 
but a 1.25-inch adaptor is also included 
in the box, so you can use eyepieces of 
both sizes. The diagonal has a reflectivity 
of 99 per cent and proved vital in 
achieving focus with a DSLR. 


The 2.5-inch Hexafoc 10:1 Deluxe 
focuser has a 10:1 dual speed gear 
ratio and 44mm of focus travel. It’s 
smooth in operation and can be rotated 
through 360°, allowing for easy camera 
framing. A tension screw and two additional 
upper screws allow heavy equipment to be 


used without the focus slipping. = 


The ES ED102 FCD100 is equipped with cradle-style tube 
rings and a Vixen-style mounting bar with a stainless-steel 
strip to protect it when attaching to a mount. The rings are 
sturdy and have a strong carry handle built into the top, 
making carrying and setting up easier. 
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> companions M32 and M110; the Dumbbell 
Nebula in Vulpecula; the Ring Nebula in Lyra; the 
Wild Duck Cluster in Scutum; the galaxy NGC 7331 
in Pegasus; and M13, the Great Globular in 
Hercules. Adding a 2x Barlow lens we enjoyed good 
crisp views of our targets, with the Dumbbell 
Nebula and M13 especially pleasing to the eye. We 
even added a 5x Tele Vue Powermate to our 26mm, 
1.25-inch eyepiece and enjoyed good views of the 
triple star Iota Cassiopeiae. Later in the month, a 
glimpse of the Moon close to a low-lying Saturn 
completed the visual tour. 


Impressive imaging 

When it came to using the scope with a DSLR, 
we found that the two extenders were not quite 
enough for prime focus photography (ie, using 
the scope as the camera lens), but by using just 
one extender plus the star diagonal we were able 
to achieve focus with our Canon EOS 50D DSLR, 
which has an APS-C sensor. We concentrated on 
two main targets, the Dumbbell Nebula and the 
Andromeda Galaxy, taking several two-minute 
exposures at ISO 1600, and we were pleased 

with the detail captured after processing them. 
The quality of the stars was sharp, with only 

the edges showing a little distortion. Switching 

to our own ZWO ASI224C high frame rate colour 
camera we imaged triple star Iota Cassiopeiae 
and the double star Almach in Andromeda, and 
achieved good resolution images of both. Overall, 
we found the telescope a delight to use and were 
most reluctant to part with it.® 


VERDICT 


BUILD AND DESIGN 
EASE OF USE 
FEATURES 
IMAGING QUALITY 
OPTICS 


OVERALL tot 
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One way of keeping a telescope physically small is to make it 
shorter than the focal length of its optics but provide additional 
extension tubes or adaptors. This allows you to alter the focus 
point as required for both observing and astrophotography. 


The Andromeda Galaxy, stacked from 
_13 two-minute-exposures.at ISO 1600 
‘captured with a DSLR; two interloping 
* Satellite trails can be seen on the right 


4 The Dumbbell Nebula, M27, stacked from 13 exposures 
of two minutes at ISO 1600 taken with a DSLR 


4 lota Cassiopeiae, 
stacked from 500 frames 
captured with a high frame 
rate camera and 2x Barlow 


4 Almach in Andromeda, 
again stacked from 500 
frames captured with the 
same imaging setup 
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FIRST LIGHT 
iOptron CEM25P portable 


See an interactive 360° model of this mount at 
www.skyatnightmagazine.com/cem25p & 


equatorial mount 


This increasingly popular design balances payload and portability 


WORDS: NICHOLAS JOANNOU 


VITAL STATS 


e Price £799 

e Mount type Centre 
balanced equatorial 
(CEM) 

e Load capacity 12.3kg 
(with counterweight) 

e Hand controller 
Go2Nova 8408 

e Database 59,000 
objects including 
Messier and NGC 
catalogues, and 
Solar System objects 

e Flash upgradeable 
Yes, data 
cable supplied 

e Ports ST-4 autoguider, 
iOptron accessories, 
dec., hand controller 

e Extras AC adapter 
(1O0V-240V), 
4.7Kg counterweight, 
controller cables 

e Weight Mount head 
4.7kg, tripod 7kg 

e Supplier Altair Astro 

e wwwa.altairastro.com 

e Tel: 01263 731505 


SKY SAYS... 
It's easy enough 
to use, even for a 
beginner learning 
the sometimes 


complex ways of 
long-exposure 
astro imaging 
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he CEM25P mount is the smaller variant 

of iOptron’s popular CEM 60. Where 

the CEM 60 is most often kept in a 

permanent location due to its size and 
weight, the CEM25P can be picked up and taken 
farther afield with ease — it’s a more compact and 
convenient package aimed at beginner and 
intermediate astro imagers. 

The mount is designed primarily for 
astrophotography and is an ideal partner for a 
short focal length refractor, the usual telescopes of 
choice for deep-sky imaging due to their large field 
of view and high-contrast views. Even with the 
addition of a guidescope, autoguider and other 
accessories you might need for long-exposure 
photography, you should remain within the 
mount’s payload capacity — a not inconsiderable 
12.3kg — giving you smooth and unstrained 
tracking. The mount’s motors barely whisper when 
in operation, but are powerful enough to carry 
relatively large scopes such as long focal length 
refractors or Schmidt-Cassegrains. 


The CEM25P uses the smaller Vixen-type saddle 
that is common on most small to medium-sized 
telescopes, therefore no special or extra parts should 
be needed when mounting your equipment. The 
overall construction of the mount is robust, using 
materials that are well machined and easy to fit 
together when assembling the setup. When tested 
for cone error (where the telescope tube sitting in 
the tube rings isn’t quite perfectly aligned with the 
true polar axis of the mount), the accuracy and quality 
of construction shone through, with negligible error 
shown. A colour manual is supplied, and it is clear 
and concise, making it easy to get to grips with 
how the mount works. Setting up is simple and 
straightforward for an equatorial mount, needing 
no tools or special equipment. Even for a novice, 
it should not prove too difficult to master. 


Impressive accuracy 

The Go-To system uses the three-star alignment 
routine that is common with most mounts. Once 
the CEM25P has been correctly set up and polar» 


THE UNUSUAL Z OF THE CEM DESIGN 


The overall design of the CEM25P is geared toward 
having the highest payload capacity in the smallest and 
lightest package whilst still retaining excellent tracking 
and stability capabilities. This mount is a centre-balanced 
equatorial (CEM) design, a nifty variant of the classic 
German equatorial mount (GEM) with a Z-shaped 
mount head that uses two bearings instead of one 
to improve on tracking accuracy. A welcome benefit 
of the CEM is that it will not need as much weight 
on the counterbalance shaft to correctly balance the 
payload, giving you less to carry around and a greater 
neutral stability, due to the centre of gravity being 
over the mounts centre point. 
There are useful built-in 
features like the GPS unit Jd 
and illuminated ¥ Sa 
polarscope, plus the fact 
that the mount can be 
polar aligned without 
Polaris being in view 
using the Go-To 
Nova hand 


# 


y 


controller. This is great for when your arc of sky is 
limited or you are in more southerly latitudes. Combined 
with low-power motors, you have an excellent mount for 
remote locations; a perfectly portable performance. 


\ 


X Nes 
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ILLUMINATED 
RETICULE 
POLARSCOPE 


Built into the mount head 
is an accurate and nicely 
etched polarscope, 

with a reticule that is 
illuminated for ease of 
use. Unlike in German 
equatorial mounts, the 
polarscope of this CEM 
mount is not blocked by 
the declination shaft, and 
so is quickly and easily 
accessible without having 
to fiddle around. 


ADJUSTABLE 
COUNTERWEIGHT 
SHAFT 


The counterweight shaft is 
adjustable to accommodate for 

use at low latitudes. This eliminates 
the limitation of the counterweight 
colliding with the tripod legs, which 
can be a problem when using other 
variants of mount on or close to the 
equator. As such the CEM25P can 
be used around the world. 


GPS AND 
PORTS 


The CEM25P has a built- 
in 32-channel Global 
Positioning System (GPS) that 
will automatically find and 
input your location, making 
setup quicker and more 
convenient. There are also 
ports for the hand controller, 
iOptron accessories, a 
dec. connection and 
ST-4 autoguiding. 


TRIPOD 


The included stainless-steel tripod is sturdy, and 
has adjustable legs and a decent accessory 
tray. It strikes a great balance between weight 
and portability: it’s substantial enough to offer 
stability without being too cumbersome or 
weighty, and folds down to a manageable 
size for ease of transportation. 


| 
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> aligned, Go-To and 
tracking accuracy are 
quite impressive. Slewing 
the telescope from object 
to object via the handset 
displayed each target 
close to or in the centre 
of the scope’s field of 
view, even when slewing 
to locations well apart 
from each other in the 
sky. The slewing motion 
of the mount itself is extremely 
smooth and a joy to behold thanks 
to the synchronous belt drive, accurate stepper 
motors and large (55mm) RA and dec. ball bearings. 
Once the chosen object has been acquired the 
CEM25’s tracking accuracy is brilliant, with very 
little in the way of drift from both axes, even if left 
for long periods — we tested for just over an hour. 
This makes taking long-exposure photographs an 
easier prospect, even if you don’t have an autoguider. 
The stability of the mount is also good, with no 
vibrations visible in the eyepiece during use in normal 
conditions and a very quick dampening time when 
we purposefully bumped the tripod to test it. For 
those who like to use computer software in place of 
the supplied handset, the mount is controllable 
with a computer via the ASCOM software platform. 
This is an impressive astrophotography mount for 
those wishing to take images through a telescope 
rather than just a DSLR and lens. It’s portable 
enough to move to different locations without too 
much hassle, and has the strength and accuracy 
needed to achieve good results. The system is easy 
enough to use, even for a beginner learning the 
sometimes complex ways of long-exposure 
astrophotography, and has the functions and 
capability to see you through to a more 
intermediate level of imaging and beyond. © 


VERDICT 


ASSEMBLY 

BUILD AND DESIGN 

EASE OF USE 

GOTO/ TRACKING ACCURACY 
STABILITY 


OVERALL tok kk 


The mount has a spring-loaded gear system with large, easily accessible 
tension adjustment controls located on the housing of each motor. This allows 
you to set a custom loading force for each different payload used on the 
mount, increasing the smoothness and overall performance of the system. 
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4 A 30-second shot of Albireo at ISO 400, taken with an 8-inch Newtonian and a DSLR 


4 The Double Cluster, imaged for 45 seconds at ISO 400 with the same setup 


Discover more about NASA's incredible Cassini spacecraft 


Saturn Vv &3 


Ow hep Manus 


&6 This is quite simply a superb, 
enthralling book about the most 
amazing machine ever made 99 


Amazon.co.uk review 


CELESTRON 


Featuring high quality 
Cassegrain optics, the 
NexStar SE range is ideal 
for observing and Photographing 
the wonders of space. The 
portable SE's feature precision 
optical systems and have the 
same features as Celestron’s 
most advanced computerized 
GoTo telescopes. 


We have available a small quantity 
of Ex Demo scopes which we are 
able to offer at a discounted price. 


ee 


All Ex Demo supplied complete with standard 
supplied accessories and 2 year warranty ! 


The Arden Centre Little Alne 
Wootton Wawen 
Warwickshire B95 6HW 
Tel. 01789-488880 


www.BinocularHouse.com 
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Astro Devices 
Digital Setting Circle 


systems 


for ‘Push To’ simplicity 


UK Distributor 


Exceptional Telescopes, 
Binoculars and Accesories 
from APM 


UK Distributor 


Superb remote hosting and astro breaks in Spain with E-Eye 


UK Exclusive Partner 


») with the worlds finest Reflectors 


Premium quality Mounts, 
Focusers and other innovative 
hardware from 
Gemini Telescope 


Observatory and Robotic 
Automation from 
Lunatico 


UK Exclusive Partner 


Outstanding products from the 
Telescope Engineering Company 


UK Exclusive Partner 


QUALITY YOU CAN SEE 
0843 330 4988 
info@astrograph.net 
www.astrograpnh.net 


Perfect Imaging Performance 
and Mounts from ASA 


UK Exclusive Partner 
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See an interactive 360° model of this camera at 
www.skyatnightmagazine.com/asi071mc-c a 


ZWO ASI071MC-Cool 
colour camera 


A cooled device with a renowned sensor capable of print-quality images 


WORDS: TIM JARDINE 


VITAL STATS 


e Price £1,399 

e Sensor Sony IMXO71 
CMOS APS-C 

e Pixels 4,944x3,284 
pixel array 

e Min/max exposure 
64 microseconds 
to 33 minutes 

e Frame rate (full 
resolution) 134fps max 

e Cooling Two-stage 
TEC to 35-40°C 
below ambient 

e Dimensions 86mm 
length, 78mm diameter 

e Weight 500g 

e Extras 21mm and 
16.5mm adaptors, 
1.25-inch nosepiece, 
M42 to M48 
conversion ring, two 
short USB 2.0 cables, 
long USB 3.0 cable, 
padded zip bag, 
driver/software CD 

e Supplier 365 
Astronomy 

e www.365astronomy. 
com 


e Tel 020 3384 5187 


aving firmly established 
itself in the market for 
planetary cameras, 
Chinese firm ZWO has 
more recently turned its attention to 
the demanding area of deep-sky 
imaging. The ASIO71MC-Cool is a 
one-shot colour camera with electronic 
cooling capability, making it possible 
to capture long exposure photographs 
without unwanted noise artefacts. 

This camera has a Sony IMX071 
CMOS sensor that captures colour photographs, 
so we matched it with an apochromatic refractor 
with a large flat field that could test the entire chip. 
Barrel shaped, the camera screws onto a telescope 
or an accessory via an M42 thread and attaches 
to a computer laptop via a USB 3.0 cable. The 
supplied mini CD contains drivers and software 
to operate the camera, and most third-party 
astrophotography applications support ZWO 
cameras. An easy to follow Quick Start Guide 
had our review camera set up and ready to go 
in just a few minutes. 

To activate the cooling and to use the USB hub, 
you need a 12V DC, 3A power supply — not included 
with the camera. The camera’s fan is virtually 
silent and quickly cooled the ASIO71MC to —20°C, 

a good 35°C cooler than the ambient temperature. 
However, we did note that quickly dropping the 


temperature resulted in a patchy 
image, caused by residual moisture 
within the sensor chamber freezing 
on the chip. Eventually we settled 
on a working temperature of —5°C 
for all our photographs. This 
efficiently eliminated any problems 
with electronic noise and amp glow, 
but maintained an easy-to-reproduce 
imaging temperature at any time 

of year for most climates. We 

also added a 2-inch infrared/ 
ultraviolet-cut filter as the camera window 

does not block these wavelengths. 


Inherent flexibility 
Although eminently suited to deep-sky 
astrophotography, the ASI071MC-Cool also 
performs solidly as a planetary or lunar camera. 
High frame rates are achievable by reducing the 
size of the captured image, and we easily achieved 
the maximum frame rate of 134 frames per 
second (fps) when imaging at 320x240 pixels. 
Even in USB 2.0 mode we recorded frame rates 
of 56fps at 800x600 pixels, although the USB 3.0 
connection is preferable as it enables faster 
downloads of larger images. 

Debate continues over the relative merits of 
monochrome cameras versus their colour counterparts, 
but the fact remains that one-shot-colour devices > 


A SUBLIME SENSOR 


SKY SAYS... 
Although 
eminently suited 
to the deep-sky, 
the ASIO71MC- 
Cool performs 
solidly as a 
planetary or 
lunar camera 
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The heart of the camera is the renowned 
Sony IMXO71 CMOS sensor, an APS-C 
chip used in some of the most popular 
DSLR cameras. It boasts a 14-bit, 
4,944x3,284-pixel array, yielding 16MB 
photographs with an excellent signal to 
noise ratio and high sensitivity. This large 
chip, 28.4mm across the diagonal, 
allows you to capture large swathes of 
the sky and is perfect for imaging 
extensive nebulae and galaxies insofar 
as your own telescope allows. 

Although unfavourably placed, we 
spent time imaging the Eagle Nebula, 


M16 in Serpens. The resulting image 
demonstrated that the chip is able to 
bring home the deep-red hydrogen 
emission regions of a nebula, which is 
important for both revealing the extent of 
deep-sky objects and delivering a good 
overall colour balance. Using a 6nm 
hydrogen-alpha filter with the camera 
resulted in a decent response to the faint 
hydrogen signal, and would allow the 
camera to be used for narrowband 
imaging too with a little persistence. This 
capable sensor makes the ASIO7 1MC- 
Cool a very attractive deep-sky camera. 
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USB 2.0 HUB 


Cable management on 
an astrophotography rig 
can be a real problem. 
The USB 2.0 hub 
included on the rear of 
the camera allows 
shorter cables to be 
directly attached to your 
other accessories instead 
of them alll linking 
individually to your 
computer — cutting 
down on issues arising 
from a web of long, 
trailing cables. 


HEATED WINDOW 


Protecting the delicate CMOS sensor is a 2mm 
anti-reflection window. Cooling the camera 
chip also cools this window, which could 
attract condensation, especially with open tube 
telescopes such as reflectors. To alleviate this a 
issue the window has a heating element that 

can be controlled in software such as 


SharpCap — which is included on the CD. 


TILT ADJUSTABLE 
FRONT PLATE 


The front of the camera is a 
collimating plate with three push-pull 
screws for adjustment. The idea 

is that any tilt in the image can 

be offset this way, improving star 
shapes in the corners of the picture, 
for those who find they have 

issues with alignment. 


DESICCANT 
CHAMBER 


The CMOS sensor chamber is 
sealed against moisture and 
there are desiccant tablets 
inside it. If these eventually 
become ineffective an 
additional tablet holder can be 
attached by removing a screw 
in the camera body and simply 
screwing the extra chamber 
into place. A packet of spare 
tablets is supplied. 
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> such as the ASIO71MC- 
Cool allow true-colour 
photographs to be 
captured without the 
additional expense of a 
filter wheel and filters, 
and with considerably 
less time spent in 
processing the resulting 
images. The images we 
captured were taken 
under average suburban 
skies, and calibrated 
and stacked in the 
freeware program 
DeepSkyStacker. To finish, they were 
were each given basic adjustments 

— taking just a few minutes — using editing software. 

This ability to efficiently make the most of the 

limited clear skies that many experience makes 


colour cameras very appealing, and as a substantial 
financial investment it is worth considering typical 
sky conditions and available free time for image 
capturing and processing. 


Subtle successes 
We were impressed with the quality of the pictures 
the ASIO71MC-Cool produced after calibration 
and stacking. With an average exposure time of 
10 minutes for each frame, we were able to capture 
images with natural star colours, and the excellent 
sensitivity of the sensor revealed faint objects 
without bloating brighter ones. In our image of 
the beautiful edge-on galaxy NGC 891 in 
Andromeda, the ASI0O71MC-Cool also captured 
dozens of other galaxies at vast distances. Subtle 
colour was revealed in NGC 7331, which was 
nicely drawn out, along with the nearby Stephan’s 
Quintet in the same field of view, while images 
of the Triangulum Galaxy, M33, revealed well- 
defined hydrogen emission areas. The red and 
hydrogen-alpha wavelength sensitivity of the 
camera is very good. 

We consider that the ASI071MC-Cool has to 
be a contender for anybody seeking a camera 
that will enable them to take print-quality 
photographs, with little other equipment and 
a minimum of image processing experience. @ 


VERDICT 


BUILD AND DESIGN 
CONNECTIVITY 
EASE OF USE 
FEATURES 
IMAGING QUALITY 


OVERALL Kkkkk 
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~~ The camera is supplied with two spacing adaptors (21mm and 16.5mm) 


a 1.25-inch nosepiece, an M42 to M48 conversion ring, two short USB 
2.0 cables, a long USB 3.0 cable and a CD of the necessary drivers and 
software. A fully padded zip bag protects the camera when not in use. 


NGC 891 in Andromeda, stacked 
from eight hours:and 20 minutes’ 
of 10-minute exposures 


4 M33, the Triangulum Galaxy, stacked 
from two hours’ of 10-minute exposures, 
revealing delicate hydrogen emissions 


< NGC 7331 and Stephan’s Quintet, 
stacked from just over six and a half 
hours’ of 10-minute exposures 


SPECIAL SCIENCE-FOCUSED ASTRONOMY VOYAGE 


© ®Bystein Lunde Ingvaldsen 


NORWAY’S ASTRONOME 


yA HuRTIGRUTEN 


Is into the Arctic Circle 


7 See the aurora borealis and star-filled night sky of 
Vorway the Way it is meant to be seen; far from artificial 
~ ambient light and with a front-seat view on the deck 
of a Hurtigruten ship as she sai 
along the Norwegian coast. 


12-day Astronomy Voyage 
& Northern Lights 


Including return flights from the UK 
Bergen -Kirkenes-Bergen | Departs 3rd December 2018 


This fascinating science-focused voyage offers a great 
opportunity to discover more about the Northern Lights and 
the cosmos. There's also a great range of exciting excursions 
including snowmobiling and Husky dog sledging* 


VOYAGE INCLUDES: 
Lectures/presentations by one of two renowned astronomers 
- Dr John Mason MBE and lan Ridpath 


© Shutterbird Productions 


Your 12-day voyage itinerary 


SAVE 


UP TO 


£350pp 


OFF EARLY BIRD 
PRICES 


DAY'tEmbasation Been AY: Kikene FULL-BOARD VOYAGE 


DAY 2: Alesund DAY 8: Hammerfest and Tromsa 


DAY 3: Royal City of Trondheim DAY 9: Vesteralen and Lofoten Islands . : : INCLUDING FLIGHTS 


DAY 4: Arctic Circle and Lofoten DAY 10: Arctic Circle and 
DAY 5: Tromsg, Gateway to the Arctic Seven Sisters Mountains 


DAY 6: Honningsvag and the DAY 11: Trondheim and Kristiansund Se mad 12 DAYS $I O// 
North Cape DAY 12: Bergen and disembarkation | FROM j 


¥ Return flights and transfers “ Onboard lectures/presentations from a renowned Astronomer 
PRICE ¥ Onboard Expedition Team enhancing your experience through a series of lectures and activities 
INCLUDES: Y Choice of cabin grade and cabin number V Full Board / Fully refurbished ships 

/¥ Free Wi-Fi “ Complimentary tea & coffee V Choice of preferred dining time 

¥ Offer combinable with 5% Ambassador Discounts 


Visit www.northumbriatravel.com or email us at info@northumbriatravel.com 
82 Front Street East, Bedlington, Northumberland NE22 5AB - 


London and transfers. Regional flights available at a small supplement. *Available to book at extra cost. Price includes the £350 discount 
advertised. Prices and availability correct at time of going to press. **Receive a 6-day Classic Voyage South or 7-day Classic Voyage 
North FREE OF CHARGE if the aurora borealis does not occur on your 12-day voyage. Hurtigruten’s full terms and conditions apply. 


NTL in 
If the Lights don’t show, 
get another voyage FREE!” 


Call Northumbria Travel on 01670 829922 


Price shown is: per person based on two people sharing an inside cabin including full board voyage and return flights from 
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Books 


New astronomy and space titles reviewed 


View from Above 


An Astronaut Looks 
At The World 


Terry Virts 
National Geographic 
£25 @ HB 


With its 360° view of Earth below, the 
windowed cupola module on the 
International Space Station has got to 
be humanity’s ultimate photographic 
outpost, and astronaut Terry Virts has 
more reasons than most to love it; he put 
it there. As pilot of the Space Shuttle 

he helped deliver and install the cupola 
on the ISS, and during his stay on 

the orbiting laboratory in 2014 and 
2015 he took full advantage of it. 

Astronauts’ collections of their 
photos and reminisces are not particularly 
novel anymore, even among 
Virts’s direct colleagues on 
the ISS. While he’s been 
preparing View From 
Above, his own 
crewmate Scott Kelly, 
and Kelly’s crewmate 
Tim Peake, have both 
released books. But 
there’s something 
different about Virts’s 
effort: he’s all about the 
wide angle. 

That’s underlined by 
the inclusion of images 
you won't see in most 
‘Earth from space’ books. 
Sure, there are some close-ups of 
cities at night, glaciers and sand dunes, 
but there are just as many wide-angle 
shots. Between journal-type chapters 
recounting his time on the ISS, there 
are gorgeous landscapes of sunsets, 
moonrises and clouds (the author’s 
particular favourite). An entire chapter 
is dedicated to the dizzying experience 
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We all hope to see the aurora 
from the UK; from the ISS you 
can see both at once 


of flying through the Northern and 
Southern Lights, while rather unusually 
for ISS images there are some attempts 
at Milky Way astrophotography. 
Sensibly, the book assumes no prior 
knowledge of the ISS whatsoever, and 
includes a helpful introduction to it, as 
well as laying out exactly what Virts 
was doing up there on Expeditions 
42 and 43 (aside from taking photos). 
Among the well-written accounts of 
the launch, and his time on the ISS, 
Virts describes 
a few of his more 
memorable moments, 
such as his scientific 
experiments and 
spacewalks. The 
tone is always 
straightforward, 
and Virts writes 
as if he is in 
permanent awe of 
his temporary home. 
With as much for 
those new to the ISS 
as for seasoned space- 


presented journal is 
an accessible insight into life 400km 
up. And if you want to see what it was 
like on video, Virts also had a hand 

in an IMAX film that’s out now, which 
is called A Beautiful Planet. 

tok k 


JAMIE CARTER is the author of A 
Stargazing Program For Beginners 


watchers, this beautifully 


RATINGS 

tk Ik Outstanding 
kK” Good 
toto’ Average 
wk Poor 

* Avoid 


TWO MINUTES WITH 
Terry Virts 


What kind of camera 
gear did you have 
on the ISS? 
| had everything 
up there. The 
Nikon D4 DSLR 
camera is up there, about 12-15 bodies, 
all prepositioned in the labs, by the 
labs’ windows, and in the cupola in 
the US segment. We had all kinds of 
lenses, from 8mm super-wide-angle 
fisheyes to an 800mm lens with a 
1.4 doubler on it, and every zoom 
lens and prime lens in between you 
can think of. Now | just have an iPhone! 


What was your favourite kind of 
image to take? 

Clouds at dusk, when the colouring was 
sublime. A lot of astronauts like to zoom 
in on their house, or on cities at night, 
and though | did use 200-300mm lenses 
from the cupola to take close-ups, my 
favourites were the 24mm wide-angle 
shots where you can see the curvature of 
Earth and the blackness of space. | did a 
lot of time-lapse sequences and turned 
them into movies, including one of the UK 
with the aurora in the distance. 


What was your the final image you 
took from space? 

On the day we were leaving | went 
down to the cupola, took the scratch- 
pane off the window, put a 10mm 
fish-eye lens on my camera, set it fo 
f/22 and captured a sunburst against 
the curvature of the planet. | looked at 
the picture in the viewfinder and thought 
it was the best picture | had ever taken, 
and would ever take. 


TERRY VIRTS is a former NASA astronaut 
who piloted Space Shuttle Endeavour 
in 2010 and commanded the ISS in 2015 


Comets 
Nature and Culture 


P. Andrew Karam 
Reaktion Books 
£14.95 @ PB 


“Astronomical 
bringers of life 
and death” — this 
is how P Andrew 
Karam characterises 
comets (at least 

in the public 

imagination) 

in this very 
attractive and highly illustrated book. 
It is part of Reaktion’s ‘Nature and 
Culture’ series, which have titles like 
Mountains, Air and Waterfall, each 
with the aim of drawing together 
science, art, literature, history and 
culture and the ways in which they 
have responded to a particular 
physical phenomenon. 

Naturally, no author can be an expert 
in all these fields, so there will be some 
bias in the way each is described 
according to the interests and strengths 
of the writer. In the case of this volume 


The Planets 


Photographs from the Archives of NASA ®)a 71: 


Nirmala Nataraj 
Chronicle Books 
£30 @ HB 


Founded almost 
60 years ago, NASA 
has launched over 
a thousand 
missions, which 
have returned 
millions of images 
to both inform 
scientists and 
delight everyone who sees them. 
The Planets delves into NASA's archive 
to present a highlight tour of our 
Solar System. 

Words are kept to a minimum, with a 
short preface by “Science Guy’ Bill Nye 
and just four pages of text. Many of the 
captions are detailed and informative, 
but the book lets the images do the 
talking and for good reason: there are 
over 200 of them and they are stunning. 

Each planetary system is given a lush 
chapter of its own. From the terrestrial 
planets, including some wonderful views 


on comets, Karam comes across 
particularly well on the literary 
response to comets. His section on 
comets in fiction, especially ‘hard’ 
science fiction, offers a wealth of 
titles for those looking for some 
astronomically-themed winter reading. 
On history and ancient cultures 
he is much weaker. His emphasis on 
trying to categorise history into ‘pre- 
scientific and ‘scientific eras, in addition 
to the disproportionate attention he 
gives to the modern Heaven’s Gate 
Cult and modern astrologers over 
the more widespread belief systems 
of earlier eras, is a case in point. 
That said, this is not a history 
book; it is not a reference book; it 
is a gift or coffee-table book. It is 
glossy, full of excellent, diverse, 
interesting images and with just 
enough text, divided into standalone 
sections, to dip in and out of without 
the need to read the book from 
beginning to end. 


kak 


EMILY WINTERBURN is the author 
of The Stargazer’s Guide: How to 
Read our Night Sky 


BOOK 


MONTH 


of Earth, to the gas giants 
with their diverse moons, and 
beyond to Pluto, Vesta and Ceres, and 
even Rosetta’s encounter with comet 
67P/Churyumov-Gerasimenko, the 
book shows the incredible variety of 
objects in our cosmic backyard. 

There are Martian panoramas taken 
by rovers like Curiosity, and images 
of the Red Planet’s surface captured 
by the HiRISE camera on the Mars 
Reconnaissance Orbiter that are abstract 
works of art, and Cassini’s jaw-dropping 
images from Saturn and its ring system. 

There are historic images of Neptune 
and Uranus taken by Voyager 2 in the 
1980s, as well as images of Jupiter taken 
just last year by the Juno mission. The 
book is compact in size, its layout is crisp 
and stylish and the quality is exceptional. 
This is a book for anyone with an interest 
in space to drool over. 


took IK 


JENNY WINDER is a freelance science 
writer, astronomer and broadcaster 
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Apollo 


The extraordinary 
visual history of 
the iconic space 
programme 


Zack Scott 
Wildfire 
£20 @ HB 


If a picture is indeed 
worth a thousand 
words, then 
infographics are 
surely an even 
better deal, based 
on this graphical 


retelling of the Apollo moonshots. 


The illustration facing the title page 
features a clear statement of intent 
from author/designer Zack Scott, 
with a quote from JFK's famous 1961 
Moon speech on one side, summarised 
on the other by a simple diagram of 
a man standing on Earth with one 
arrow going to the Moon, and 
another coming back again. 

And so it goes through 
infographical depictions of Apollo 
hardware, ground infrastructure, and 
the characteristics of the individual 
missions themselves — along with 
irresistible visual comparisons such as 
the speed of the Apollo Command 
Module compared to other air and 
spacecraft (and a speeding bullet), or 
a pull-out page showing the distance 
from Earth to the Moon to scale. The 
result is extremely browseable eye 
candy, adeptly conveying the kind of 
insight that is hard to get over in words, 
such as how astronauts flew and 
slept in the Lunar Module, how the 
Lunar Rover was unfolded off the LM 
into a driveable state or the relative 
reflectivity of the lunar surface. 

Scott comes nearest to the limit of 
this graphical approach with his 
relatively word-heavy astronaut 
biographies section, but the design 
still makes for at-a-glance career 
comparisons in terms of numbers of 
missions, EVAs and days in space. 


kkk 


SEAN BLAIR writes for the European 
Space Agency website 
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Gear 


Elizabeth Pearson rounds up the latest astronomical accessories 


1Sky-Watcher AZ GTi 


Go-To Mount and Tripod 
Price £289 © Supplier Green Witch 
01924 477719 © www.green-witch.com 
This lightweight mount creates its own Wi-Fi 
network, meaning it can be controlled via an 
app without the need of an external connection. 


2 Theia Magnetic 

Filter Changer 
Price £175 © Supplier nPAE 
0115 837 1049 ¢ www.npae.net 
This filter wheel alternative uses magnetic 
slide holders to quickly change between 
filters during an observing session. Comes 
with three holders and a protective case. 


3 Nevada Linear 


Power Supply 
Price £59 © Supplier Widescreen Centre 
01353 776199 © www.widescreen-centre.co.uk 


Supply a direct current to your equipment 
using this power supply. It outputs 6-8 amps 
at 13.8V and weighs 4kg. 


A StarTech USB 
Seven Port Dock 


Price £68.39 © Supplier StarTech.com 
0800 169 0408 © www.startech.com 


Whether it’s your camera, phone, guidescope 
or mount controller, this hub will allow you to 
connect up fo seven USB devices together at once. 


5 Sharp Star 2 Camera 
Bhatinov Mask 


Price from $59 © Supplier Lonely Speck 
www.lonelyspeck.com 


Never fret over focusing on stars again with 
the help of this filter slide, which acts as a 
Bhatinov mask for your camera lens. Requires % 


Oc REGULaTED + i 
POWER suppLy a filter holder; camera not included. 


Nevada == Sarma) 
28 Bg-9g 6 Moon Lamp 


‘Se Price £14.99 © Supplier Firebox 
0800 802 1420 ¢ www.firebox.com 


See the full Moon every night with this lamp. 
It depicts a cratered moonscape (complete 
with Apollo bootprint) and the colour of its 
glow can be set using a remote control. 
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A beautiful shepherd’s hut set in a 
private riverside field, perfect for 
a romantic getaway or quiet break 


and fully equiped with everything 
you might need. A woodburner 
makes it cosy for winter breaks 


explore the Southern and Western 
Lake District, well away from the 
madding crowds. 


bv Se OY tn Se ag hee, : 
"Etna ile Sr 5d. Le as 


Discover the Night Sky in Galloway 


Located near the UK’s first Dark Sky Park, we can give you a personalised guided 
tour of the wonders of our beautiful night sky. With our large 16" Newtonian 
telescope the views of the planets, star clusters and galaxies are truly spectacular 


To learn more about the night sky or for help using a telescope our astronomy 
courses are for you 


As a Skywatcher and Celestron dealer we offer free help and advice on buying a 
telescope 


At the centre we also provide B&B style accommodation and evening meals 
Our Stargazer Gift Voucher is a great gift at any time 


Prices from only £26 pppn. Children and pets welcome. 
To book contact Mike Alexander: Craiglemine Cottage, Glasserton, Wigtownshire 
Scotiand DG8 8NE ¢ €#01988 500594 © enquiries@gallowayastro.com 


www.gallowayastro.com 


JURASSIC 


 Catcha 
Nabe Star 


i d‘Us On ass e 
Fin @ijurassicjewels Hei ae gaia 
oy hs Dist : 


Necklace .- 


NEW DISCOVERY-BLACK LIGHT 


« Get in touch and | will send you a prism, free of 
charge, so you can see the lights around your body 
and your neighbour's body. 

4 How to bounce your own shadow on to your chest. 
Why is there no black or white in the rainbows? 

« Read how we are all connected to the sun. 


Contact details: 
Email: jv.moloney@btinternet.com or 
write to JV Moloney, 8 Mayflower 
Way, Farnham Common, Bucks, 
SL2 3TX 


* away from the world. Self contained 


and chilly nights! Ideally situated to 


See our website 
for full details 
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Telese ope: Service 


tan 


mas 


Over time, your telescope will benefit from a 
General Service. We offer you the opportunity 
to help you look after your telescope, regardless 


of it’s make or age and keep it in tip-top and 
condition. There are many telescopes on the optics 


checked 


market but all will perform 
much better with regular 
service and 

maintenance. 


(®) 
ORION optics uk 


from only 
tech enquiries: john@orionoptics.co.uk 


Telephone 01782 614200 


wwvy.orionoptics.co.uk 


FIND THE TELESCOPE SERVICE LINK ON ALL PAGES 


A custom adapter 


is just a few clicks away at 


PreciseParts.com 


Check out our innovative Build-an-Adapter app on 
PreciseParts.com and design your one-of-a-kind, 
custom adapter in seconds. Build-An-Adapter was 
twice voted Hot New Product of the Year by Sky & 
Telescope Magazine in the US 


PRECISEPARTS 


Custom Parr RONOMY 


Try it Today! 


Increase the efficiency of your 
reflector by up to 29% 


Our HI-LUX coating can be applied to almost any 
reflector, in virtually any condition or no matter how 
old. Improves the reflective efficiency of your mirrors. 


4i-Lux 


High Reflectivity 


‘Necklace With: 
lron Metéorite * 


Coating 


(®) 
ORION optics. UK 


tech enquiries: john@orionoptics.co.uk 


Telephone 01782 614200 


Find out more on 
our website: Optics > 
Mirror Recoating 

or call / email 


wwyy.orionoptics.co.uk 


Holiday under some of the darkest skies in England 


Astrénomy as it should be! 
Observe the night sky at its best & 
with our observatory based 50cm | 
Dobsonian, or image with a dome 
based, equatorial mounted, 18cm § 
Maksutov-Newtonian. 

Enjoy comfortable, self catering 
family accommodation. Located 
close to the North Devon coast, 


this is a wonderful all year round & 


holiday destination. Dark skies, 
clear southern views and great 
countryside. All levels of interest 


ee neg ~ 


are welcome. Visit our website for Igual 


details or phone 01409 241719 


www.AstroAdventures. co. bk 


STOCKTREK IMAGES, INC./ALAMY STOCK PHOTO 
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WHAT | REALLY WANT TO KNOW JS... 
Could methane-based life exist on Titan? 


ife as we know it is based on carbon 
and requires liquid water. ’'m 
interested in whether other 
forms of life, based on 
different liquid chemistry, might 
exist elsewhere in the Solar 
System. In particular, I have 
been thinking about Titan, 
the largest moon circling 
Saturn, because in some 
respects it resembles the 
Earth, yet in others, it is 
very different. 

The issue here is not 
whether life is carbon- 
based. Carbon is an 
essential element and 
would presumably be as 
much so on Titan as on 
Earth. It’s a question of the 
liquid within which lifeforms 
exist. On Earth that is liquid 
water, of course, but on Titan the 
liquid is methane. So the issue is 
whether organic chemistry operating in 
liquid methane can produce life, or a sort of 
biochemistry akin to what we would define 
as life, based on what we know of life on Earth. 

My own interest in Titan, and its chemistry and 
evolution, goes back to my earliest years as a 
graduate student, when Voyager | flew through the 
Saturn system in 1980 and made a close flyby of its 
largest moon. We wondered then whether Titan 
could be like a prebiotic Earth. Our interest was 
rekindled when the Cassini spacecraft discovered 
Titan’s lakes and seas, formed of methane rather 
than water, and the Huygens probe landed on the 
moon’s surface. The questions arose of what the 
limits to organic life really are and where might it 
occur other than in liquid water. 


Mystery beneath the surface 
The existence of these large lakes and seas led us 
to ask what was really going on within them, and 
whether there might there be something like 
biochemistry occurring. 

There is a paradox in the sense that Titan is 
extremely different from the Earth in terms of its 
composition. Geology on Earth is all about rock, 
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Titan’s methane lakes 

and seas are the tip of 

a geologic system that is 
more like Earth’s than any 
other in the Solar System 


ABOUT JONATHAN 
LUNINE 

Prof Jonathan Lunine 
is the director of Cornell 
University’s Center for 
Astrophysics and 
Planetary Science. He 
has a special interest in 
the evolution and 
habitability of worlds 
both within our Solar 
System and beyond 


J Yonathan Lunine wonders whether the seas and lakes of 
sg Saturn's biggest moon might be home to alien organisms 
INTERVIEWED BY PAUL SUTHERLAND 


and on Titan it is all about water-ice. The 
hydrologic cycle on Earth really is water 
— hence, ‘hydro’ — whereas on Titan it is 
methane. That difference is dramatic 
and yet the geologic processes on 
Titan are probably closer to 
those on Earth than on any 
other body in the Solar System. 
It has rivers, seas and lakes, 
winds and rainfall. 

My research, with some 
students at Cornell, has 
really derived from our 
work using Cassini data 
to try to understand the 
nature of Titan’s surface, 

and the composition of 
these lakes and seas. The 
work on possible methane- 
based life has been very, very 
speculative and cannot rank 
with the actual analysis of Cassini 
data — I think that is important to 
emphasise. But we got to thinking 
about what kinds of structures might 
form in these lakes and seas, from various 
molecules that might be present on Titan. 

There were really two approaches. One was to 
look at acrylonitrile, an organic compound whose 
presence was suggested by Cassini data, and then 
confirmed by the ALMA telescope in Chile. There is 
the possibility that this might actually form containers, 
which could be the equivalent of very primitive 
cells, in the methane seas on Titan. That was quite 
promising. Another is to investigate what sort of 
polymers of hydrogen cyanide might form to produce 
surfaces, loosely akin to those that could have been 
the early sites of chemistry leading to life on Earth. 
I’m thinking, for example, of the hydrothermal 
systems at the base of Earth’s oceans. 

So what has this research told us so far about the 
possibility of life on Titan? I think the likelihood is 
low, but it is not zero and merits further investigation. 
The only way we can ever really find out is by 
sending more missions. Landing a probe in one of 
Titan’s seas would be pretty straightforward. 
Landing on the shore of a sea would be more 
challenging, but that may be where some of the 
interesting chemistry is taking place. @ 


Telescope House / Emait 


EXPL 


Suite NT | 


Explore Scientific Losmandy G11 


Introducing the new Bresser 
Messier 5 and 6 inch Dobsonians . 
Both come with two eyepieces, 
fully de-mounteable tubes witt 


mounting rings, are prime focus 
rophotgaryante = () BRESSER 


06 Sn OE 


Dobsonians are the 
best value visual telescopes 
* available - visit our Showroom ' f 
4 to see a large range twat: , 
fF ) of these telescopes ~— Bae 
“ 


a +r From £713 


Telescope House 
are TeleVue Star 
Dealers. We always 
have a full range 
of their Plossl, 
Panoptic, Delite 
Delos & Ethos 

' } eyepieces on 
Ww! display & ready to 

- test at our 
Starborough showroom 


oe .. 
<< pressure-tuned 
~~" portable Solar Scope 


Excellent 
Value 100% Safe 
Solar Film. ideal for DIY! 


NOVEMBER 


THE SOUTHERN HEMISPHERE 
IN NOVEMBER 


CHART: PETE LAWRENCE, IMAGE: BERNHARD GOTTHARDT/CCDGUIDE.COM 


With Glenn Dawes 
WHEN 10 USE THIS CHART 
1 NOV AT 00:00 UT the chart accurately matches the sky on the dates and times 
15 NOV AT 23:00 UT inti The sky i Sst adieu ab as he vita it set 
rmin earlier night. We've drawn rt for 
30 NOV AT 22:00UT fcindeassuh 


NOVEMBER HIGHLIGHTS 


The Moon and two planets gather in 

the twilight. Look low in the west one 
hour after sunset to find Mercury, Saturn 
and the three-day-old crescent Moon nearly 
in a straight line. On the 13th Mercury is 2.2° 
from mag. +1.1 Antares (Alpha (a) Scorpii) 
and on the 28th Mercury and Saturn are 
separated by 3°. The Leonid meteor shower 
is expected to peak on the 17th. Look in 
the morning; the radiant will be in the 
sickle of Leo. The Leonids have had fantastic 
displays in the past, but vary a lot. 


THE PLANETS 


Mercury has a good evening return, 
low in the western twilight. Also 
nearby is Saturn, with early November the 

last chance to see it in dark skies for the 
year. The planet drops into the dusk, with 
Mercury passing by on the 28th. The evening 


DEEP-SKY OBJECTS 
© Ss) From the southern 
hemisphere we have excellent 
views of the brightest (naked eye) 
members of our Local Group of 
galaxies. November evenings deliver the 
two Magellanic Clouds, high in the 
south, and M31 in Andromeda, 
low in the north. Find 
M31 (RA 0h 42.7m, 
dec. +41° 16° pictured) 
14° north-northeast 


of mag. +2.1 
Alpheratz (Alpha 


CHART KEY 


DIFFUSE 
NEBULOSITY 


OPEN CLUSTER 


GLOBULAR 
CLUSTER 


PLANETARY 
NEBULA 


@ DOUBLE STAR 


D 
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O VARIABLE STAR 


COMET TRACK 


STARS AND CONSTELLATIONS 
The constellations of the far southern 
sky are not visible from the Middle East 

or Europe, so they don’t have ‘traditional’ 

mythological names. It was Nicholas Louis 
de La Caille who did much of the early 
southern work following his voyage to the 

Cape of Good Hope in the 1750s. He named 

Mensa after Table Mountain, and many 

others for scientific instruments. They include 

the obvious Telescopium and Microscopium, 
and less familiar Norma (the Level), Octans 

(the Octant) and Antlia (the Air Pump). 


is also home to Neptune and Uranus, 
due north around 19:00 EST and 22:00 
EST respectively mid-month. Mars rises 
close to dawn, with Jupiter following. 
These planets will be better placed for 
observation next month. 


(a) Andromedae), the lower right star in 
the Great Square of Pegasus. We see our 
‘big brother spiral galaxy nearly edge-on, 
an oval shaped glow extending over 2° 
with a much brighter central core. There 
is much mottling and dark lanes with two 
main arms stretching away roughly 
towards the northwest and 
northeast. Its two compact 
companion galaxies are 
easily visible: M32 is 0.4° 
south and M110 0.6° to 
the northwest of the core. 


ASTEROID 
TRACK 


METEOR 
A RADIANT 


t% QUASAR . 
S@s PLANet 


STAR 
BRIGHTNESS: 


a) MAG. 0 


& BRIGHTER 
MAG. +1 
MAG. +2 
MAG. +3 


MAG. +4 
& FAINTER 
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God AZ-GTi Series 
7T me [ Wi-Fi (0-10 eles SbOICS 


A combination of proven high quality Sky-Watcher optics and the exciting new AZ-GTi Alt-Altimuth Wi-Fi Mount. The lightweight and 
highly portable AZ-GTi, with it's built-in Wi-Fi module, has been designed to be controlled wirelessly with your Smartphone or Tablet, 
using the free SynScan™ App for iOS or Android. The AZ-GTi creates it’s very own Wi-Fi network, so the mount can be used anywhere, 
without any reliance on other Wi-Fi networks. After entering your coordinates into the App and following a simple alignment procedure, 
you are ready to explore the universe using the App’s intuitive touchscreen menu. The AZ-GTi and SynScan™ App gps full 
computerised GO-TO control, allowing your telescope to be automatically slewed to any one of the objects in the 
App’s extensive database of 
10,000+ celestial objects. 


102mm (4") {12.7 MAKSUTOV-CASSEGRAIN 
The Maksutov's high-resolution > 
multi-coated optical system, excels at 
medium-to-high powers for the examination 
of the surface detail of the Moon, planets 
and also for double-star observations 
Supplied with 10mm & 25mm Eyepieces 
90° Star Diagonal and Red Dot Finder 


Prod.Code 10266 


Prod.Code 10264 


130mm (5.1") {/5 PARABOLIC 
NEWTONIAN REFLECTOR 
With an extremely useful 130mm 
of light gathering aperture and a 
superb parabolic primary mirror, 
this is a highly capable 
all-rounder for the observation 
of the Moon, bright planets, 
nebulae, galaxies and star 
clusters 

Supplied with 10mm & 
25mm Eyepieces and 
Red Dot Finder. 


ty 


7 L ; 
127mm (5") {/11.8 MAKSUTOV-CASSEGRAIN 
The Maksutov's high-resolution multi-coated optical system, 
excels at medium-to-high powers for the examination of the 
Prod.Code 10265 


surface detail of the Moon, planets and also for double-star 
observations. Supplied with 10mm & 25mm Eyepieces 
90° Star Diagonal and Red Dot Finder. 


Prod.Code 20315 


3/8” Screw Tripod Fitting. Weight1.3kg 


rr 


SRP £64.99 


7Ah Prod. Code 20314 
Prod.Code ; - bel Prod.Code Payload capacity 5kg. 45mm Dovetail Saddle. 
20153 ‘ a j 20154 Height of Tripod/Mount: FREEDOM 


FIND 


80.5cm - 152cm. 


* Controller: Free SynScan™ App for iOS and Android mobile device or SynScan™ Hand Controller (available separately) * Alignment Methods: Brightest Star or 
North-Level Alignment * SynScan™ App's Other Features: Tonight's Best Sky Tour, Point and Go with a mobile device, Identification of Celestial Objects, Remote control over Internet, 
User defined objects, Pointing Accuracy Enhancement (PAE) © Freedom-Find™ Dual-Encoder Technology * Pointing Accuracy: Up to 10 arc-minute (RMS) 

¢ Tracking Rates: Sidereal, Lunar, Solar, Alignment-Free Solar Tracking * Slewing Speeds: 0.5X, 1.0x, 8.0x, 16x, 32x, 64x, 128x, 400x, 800x »* DC Servo Motors, Dual Axis Tracking 

* Additional Interface: SynScan™ Hand Control Port, DSLR Shutter Release Port * Connectivity: ASCOM platform for Windows PC, SkySafari Plus/Pro mobile planetarium App for iOS 
and Android (iOS SkySafari connectivity currently limited) * Power Requirement: 8 AA Batteries (not supplied) or 12v External DC Power Supply (Tip Positive) 


16 Page Colour Catalogue [Order Your REE Cony Today | EmaN:ioconucatsionconk 
Our Products are Available from Dealers throughout the UK ove Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD Importers and Distributors of Sky-Watcher 


UNIT 3, WOOLPIT BUSINESS PARK OPTICAL VISION LIMITED Astronomical Telescopes, Helios, Acuter, 


Barr and Stroud Binoculars & Spotting Scopes 
and Zenith Microscopes. 


WOOLPIT, BURY ST. EDMUNDS 


SUFFOLK IP30 9UP www.opticalvision.co.uk 


